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— 319,—— 3, from bottom, fir 584,175 grs. read $%z-ii $ %\%, 

— — 339, In the fixtli column, and under the Expanfions of one Inch at 32*, line 8 fiom top, far ,115090(1, 

read, 1250900; and line 9, fame column, for, 1295557, read, 1295575. 
340, 6, from top, /or D'Amontoms, read D'AmonVms. 

— 344, 5, from do. fii Tremly, read Trcmbley. 

"— 345t *>> from bottom, for \, read -j~f. 

1. .1 365, In the fourth column, and 2d lire from top, urder above by obfervation, for 5*, read 45' 

— 373, — 6, from tcp,for mole, W Mole. 

1 1 407, i, at ditto, for Sict. VI. read Sect. V. 

409, In the fourth column, and lft line, under Mathem. for 8c,7°, r«</8o°,7. 

— 413, 3, from top, for of the hemifpheir, read as the northern hemifphere. 

— 417, 1, at top, yir Sict. VII. readStcr. VI. 

-^—418, — 5, from top of the note, add after beyond which, the increafe of. 
. — — 8, ditto of note, for itt maximum, read its maximum. 

— 419, », from bottom, for 328, read 31*. 

441, 6, from ditto, for manomeeers, read manometers. 

446, 5, from top, for 2,44 X 36, read 2,43 ^ 36. 

— — 49I, 7, from ditto, fir hitherto, read heretofore. 

493, 14, from top, fir ncceffaty, read neceflary. 

— — 5C0, — — 1, at ditto, for Hycitometer, read Hygrometer. 
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Of the VARIATIONS of the ATMOSPHERE. 
By RICHARD KIR WAN, Efq; L.L.D. F.R.S.and P.R.I. J. 



X HE variations of the known properties of the atmofphere, Rea ^" 3 [ 1 '' 
viz. of its ftate of moifture or drynefs, and its difpofition to 
admit, retain, or difmifs the watery fluid, its temperature, gravity, 
elafticity, and electricity in different feafons, and frequently in 
the fame feafon, and in different years, in the fame or in dif- 
ferent latitudes, at the fame or at different diftances, whether 
vertical or lateral, from the oceans feparating the two continents 
that form the folid mafs of the globe, as well as on thofe oceans 
themfelves, and the currents which from different points with 
more or lefs permanency agitate the whole atmofpheric mafs, 
form, together with the inveftigation of their caufes, the principal 
objects of meteorological fcience. 

Vol. VIII. L 1 Though 
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Though this fcience ha3 been cultivated with much ardour 
in many parts of Europe ever fince the difcovery of the gravity 
of the fluid that furrounds us, it rauft be owned very little pro- 
grefs has hitherto been made in it. In every other branch of 
phyfical fcience from a knowledge of the caufes we are enabled 
to forefee the effe&s ; but from a knowledge of the a&ual ftate 
of the above mentioned properties of the atmofphere, who can 
with certainty forefee what it (hall be the next day ? 

The obffacles which originally obftrudied all advances in this 
fcience were, 

i°. The want of proper inftruments to meafure the proportion 
or quantities, whether of moifture in the atmofphere,, or of its 
weight, or its temperature, its denfity or its ele&ricity. 

2 Q . The want of general ftandards to which, as to their pro- 
per unitSj the feveral degrees of each property may be referred. 

3°. Interruption of the obfervations of the ftates of the atmof- 
phere, by reafon of which their connexion muft remain unknown. 

4°. As the a&ual ftates of the atmofphere are intimately con- 
nected, not only with the preceding, but with the contemporary 
ftates in different and moft diftant parts at leaft of the fame he- 
mifphere, the neglect of comparing either of them, as far as 

they 
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they were or might be known, has been, and is perhaps at 
prefent, the principal fource of our ignorance of the caufes that 
produce, vary, or interrupt them. Mofl meteorologies content 
themfelves with noting the diurnal flate of the atmofpherc in 
the place of their refidence, without any reference to its ftate in 
diftant countries j and thus, for want of concert, dumjlngull pugn ant 
omnes v'tncuntur. 

5 P . The neglect of obferving the fuperior currents of the 
atmofphere, which may at prefent be detected by tracing the direc- 
tion of baloons, in all feafons. 

6°. The neglect of maritime obfervations, which, being freeft 
from all local influences, are by far the mofl inflru&ive, and 
fhould, if poffible, be made in all degrees of longitude and latitude. 

However, many of thefe obftacles have of late been happily 
removed. The proportion of moifture in the atmofphere rela- 
tively to its faturability, in its various flates, whether of denfity 
or temperature, can now be perfectly ascertained by the hygro- 
meter of the late excellent Mr. DeSau fibre, who has by the mod 
extraordinary efforts of genius and labour improved that inftru- 
ment, fo as to make it fpeak a language every where uniform 
and intelligible ; a degree of perfection ever before thought un- 
attainable. Nay, by a number of mofl ingenious and delicate 

L 1 2 experiments 
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experiments, he has been enabled to make it indicate very nearly 
the abfolute quantities of moifture contained in given cubic 
meafures of atmofpheric air of given denfities and temperatures. 
Of this inftrument and its ufes, as Mr. Sauffure's treatife has 
never been tranflated into our language, and feems unknown to 
our mete'orologifts, I fhall give an abridged' account in the fol* 
lowing pages 

Mr. De Luc has alfo befto wed much" laudable induftry in per- 
fecting an inftrument, applicable to the fame purpofes, but lefs 
fragile; how far he has fucceeded lam not enabled to fay, not 
being poffefTed of it. 

Barometers have been, brought to the.utmoft degree of perfecr 
tion by the fagacity and unremitting labours of Mr. De Luc, as 
may be feen in his immortal work on the modifications of the 
atmofphere. The varying denfities of the atmofphere at dif- 
ferent heights (denied by Buffon) have been fatisfaclorily proved 
by the numerous and happily contrived experiments of Meffrs* 
Sauffure the father and fon. See 36 Roz. p. 98. 

Thermometers have long flnce been improved by Fahrenheit 
and Reaumur; but the imperfections and imcertainties attending 
many under this laft denomination have been detected by Mr. De. 
Luc, who in their room introduced, a much more perfect inftru- 

ment 
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ment which ought to bear his name. Yet the inconveniences 
attending the variations of the fcale have not been fufficiently 
felt by fome fubfequent philofophers, who thus unhappily, and 
to no purpofe, multiply the labours of the meteorologift. Mr. 
Van Swinden's excellent treatife on thermometers enables us to 
underftand the difcordant languages of many of them. .And 
of late centefimal thermometers (the fame as the Swedifh) have 
been introduced in France. The degree of cold at which mercury 
freezes was determined by Mr. Cavendifh from the experiments 
of Mr. Hutchins. 

Kleftrometcts of the leaft fallacious kind have been dcvifVd 
by Mr. Cavallo. 

Of Anemometers, though many have been invented to denote 
the direction and the force of winds, yet 1 none of them has, as 
yet, been introduced into general ufe. Mr . Smeaton's table 
of the rapidity and force of the winds, Phil. Tranfa&ions 1759, 
feems the beft that has as yet appeared. 

2 Q With refpect to Jiandardt, Sir George Schuckburg has fhewn, 
from 132 obfervations made in Italy and in England, that the 
mean height of the barometer at the level of the fea, the tempe- 
rature of the mercury being 55° and of the air 6z°, is 30,04 

inches, 
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inches, Phil. Trans. 1777, p. 586. We may then aflume the height 
of 30 inches as the natural mean height of the barometer at the 
level of the fea in raoft temperatures between 32° and 82 Q ; for 
if the' mercury were cooled down to 32 , that is 23 below 55 , 
it would be lowered by that condenfation only 0,07 of an inch ; 
and if it were heated up to 8o°, that is %^ above 55°, it would 
be rai fed only ,078 of an inch ; quantities which except in levelling 
may be fafely difregarded. 

The French have heretofore confidered 28 Paris inches as the 
mean height of the barometer at the level of the fea, that is 29,84 
Englifli inches. But from 1400 obfervations made at Rochelle 
by Fleaurieau De Bellvue, and from five years obfervations made 
at Port Louis in the Ifle of France, he concludes the mean 
height of the barometer at the level of the fea to be 28 inches 
and 2 lines and 44 of a line in the temperatures of from $2° to 
55 Fahr. = 30,08 Englifh inches, 4 New Roz. p. 159*. Hence 
we may confider in round numbers 30 inches as the ftandard 
height of barometers at the level of the fea. And knowing the 
true height of any part of the earth, we may by fubtracting that 
height exprefled in fathoms from the log. of 30, viz. 4771,21, 
find the logarithm which indicates the number of inches at which, 

as 



* La Chappe thought it 28 inches 1,5 lines. See Beguelin's Memoir, Mem.Berl. 
1769. 12 Col). Acad. 424. 
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as its natural mean, the mercury fhould ftand at that height over 
the level of the fea. 

Thus fuppofing the height to be 87 feet, equal 14,50 fathom, 
then" 477 1, 21' — 14,50 = 4756,71, which is the logarithm of 29,9; 
this therefore is the natural mean height of the barometer at the 
elevation of 87 feet over the level of the fea. 

Consequently to all the heights heretofore, calculated by the 
French over the level of the fea, 139*32 feet muft be added, 
Englifh meafure, when the Mercurial height at the level of the fea 
was barely fuppofed to be 28 French inches. 

With refpecl to temperatures , I have eighteen years ago indicated 
a ftandard (none having been before thought of) with which the 
temperature of all the inhabited parts of the globe, whofe lati- 
tudes are given, may be compared. La Cotte, whofe unceafing 
labours contribute fo largely to the progrefs of meteorological 
knowledge, has fince extended this comparifon to 200 towns in 
30 different degrees of latitude, and found their mean tempera- 
ture to coincide with my eftimation twelve times. That the 
greateft error w r as 6,75 degrees of Fahr. which occurred four times, 
and the mean error to be 0,36 of a degree of Fahren. 37 Roz. 
p.. 412. Such errors, not in the principles but in their application, 

might 
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might well he cxpeclcd where the mean temperature of only a 
few ye. i is obfervations could be procured. On this occafion I 
cannot forbear remarking, that, in calculating the mean tempera- 
ture of place? on the obfervations of a few, or even of many 
years, the extremes, whether of heat or cold that happen not 
above once in Lcn years or ftill more rarely, fhould be omitted 
and only mentioned in a note. 

The third obftacle, viz. the interruption of obfervations, and 
alfo the 4tb, 5th and 6th, cannot be remedied but by the efta- 
blifhment of meteorological focieties in different parts of Europe, 
annually communicating with each other (fo liberally endowed as 
to be enabled to employ proper obfervers at proper diftances), and 
obliged to publifli annual accounts of their feveral obfervations, 
and to compare them with thofc made in foreign countries. When 
the vaft importance of meteorological knowledge to agriculture 
and navigation is confidered, there is at prefent fome room to 
hope that eftablilhments of this nature may take place at no 
very diftant period. 

The number of perfons, who, from a view of attaining a fettle- 
ment in fuch establishments, would receive an education in the 
different fciences connected with meteorology, (that is indeed all 
the different branches of mathematics and natural knowledge), 

and 



[ «77 ] 

and the emulation, thus excited, would neceflarily diffufe a confider- 
able mafs of knowledge throughout the community. 

Theodore, the late Ele&or Palatine of the Rhine, realized 

this project in his dominions ; and that incomparable fovereign, 

Catharine the Great, entertained the fame defign Ihortly before her 
deceafe. 

Some other petty impediments ftill remain, which unqueflion- 
ably occafion a great lofs of time, but which meteorologifts them- 
felves may eafily remove, namely, the difcordant notation of 
their inftruments, and the ufe of duodecimal, nay even in fome cafes, 
of fexagefimal divifions, jnftead of the decimal, which is fo much 
more commodious, and the application of the vague terms, hot, 
cold, wet, dry, to certain periods, without any designation of their 
precife meaning. 

Among the moft zealous promoters of meteorology in the laft 
century we find fome of the moft eminent philofophers it produced, 
Derham, Halley, De la Hire, Mairan, Reaumur, Wargenlin. 
Leche, Kraft, Braun, Richman, Sauffure, Beguelin, &c. and 
among thofe now living, De Luc, Doctor Horfeley, Van Swinden, 
Cotte, Monge, &c. 

The late great navigator Captain Cooke, and the ever to be la- 
mented La Peyroufe, Mr. Dalrymple, and Captain Phipps, have 
Vol. VIII. M m materially 
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materially benefited this fcience by regiftring the variations of 
their barometers and thermometers during their voyages. 

Of the Moifture of the Atmofphere. 

Moisture may be considered as riling into the atmofphere, or 
fubfifting in it, or defcending from it. I fhall iirit confider its 
afcent. 

CHAP. I. 

Of Evaporation. 

Evaporation is the converfion of a liquid (and frequently 
even of a folid) into an invifible fluid. That the liquid is dimi- 
nished is evident from its lofs of weight j but that the aqueous 
liquid, which 1 have here principally in view, is not decompofed, 
is equally clear, fince-the invifible fluid, into which it is converted, 
may be made to re-appear in its former vifible ftate. 

This converfion may be effected either naturally or artificially : 
that produced by nature is always accompanied by contact with 
the atmofphere ; the artificial is producible in contact with the at- 
mofphere, or even in vacuo, as is now well known. 

In the common courfe of nature five caufes concur in produ« 
cing evaporation : heat, affinity to atmofpheric air, agitation, elec- 
tricity, and light. 

Section 
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Section J. 

Of the Influence of Heat. 

The connexion between heat and evaporation is too obvious to 
have efcaped the notice of even the moft inattentive to the ope- 
rations of natural caufes. Every one knows that, in general, the 
greater the heat applied to water in fimilar circumftances, the 
more quickly it will be converted into vapour. As aqueous 
vapours are by far the moft abundant in the atmofphcre, to their 
confideration I chiefly attend in this EfTay. I have (aid in general % 
becaufe Lcidenfroft's experiments, and fomc others wliit.li will be 
mentioned in the fequel, fhew that this law muft be circumfcribcd 
within certain limits. 

That all liquids are expanded by an increafe of heat is alfo 
well known. This rarefaction is oppofed by two powers, namely, 
the attraction of their integrant molecules to each other, and that 
of extt rnai prefi'ure. But there is fcarce any degree of heat fo 
low, as tu be totally ch fabled to overcome the refiftance oppofed by 
the power of integrant attraction; as appears by various experi- 
ments, in which, exlcn il compreffion being diminifhed or with- 
draw n, the rr.iefacticu and evapc- -ition could arife from heat iingly. 
Thus SaufTure found that water is more readily converted into 

M m 2 vapour 
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vapour in vacuo, or in rarified air, than in air of greater denfity - y 
bccaufe, as he well remarks, all external preffure refills the ex- 
panfion of water into vapour, Hygrom* 219'. It is true that he 
adds, in the fubfequent page, that, in a given time, water lofes 
more of its weight by expofure to the open air than it does in vacuo ; 
but to prove this facl lie only quotes the experiment mentioned 
in the 55th vol. of the 1'hilofophical Tranfa&ions, p. 146*, where 
indeed it is ftated, that a cup of water Handing under an exhaufted 
receiver, loft only 2,5 grains in 24 hours, whereas the fame quan- 
tity of water expofed to the open air during that period of time, loft 
35 grains* But it is plain that, even fuppofing the temperature and 
furfaces of the water in both cups equal, the refiduary air under the 
receiver (whofe capacity is not mentioned) muft have been fatura- 
ted long before that in the room could have been, fo, and thus its 
evaporation fpcedily checked. It is exprefsly faid that the air under 
the receiver was only 43 times rarefied ; enough therefore re- 
mained to be foon faturated: but'if it had been ever fo perfectly 
exhaufted, the elafticity of the vapour already raifed would have 
been fufficient to check farther evaporation. Befides, fince it is 
acknowledged that water evaporates more eafily in vacuo than in 
open air, it neeeflarily follows that, if the temperature remained 
the fame, and if the vapours had liberty to efcape, it would alfo 
evaporate more copioufly. The quantities cviponed in fmafl 
portions of time are thofe that fhould be compared with eoch 

other i 

* By miftake he quotes the 59th vol. 
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other: this I have done, and found the lofs in vacuo incompara- 
bly greater than that in open air ; the difference however I cannot 
now ftate, having loft the note I took of it. Mr. Watt has 
fhewn, that water boils in vacuo at a. degree of heat little 
fuperior to that of the human body, and difiilts as faft as it does- 
in open air at 212°, I Mem. Manchefter, 390. Water has alfo 
been diftilled in vacuo by Wallerius, n. Colled. Acad. 166, &c. 
and by the immortal Lavoifier, Mem. Par. 1770. Hence in 
nature water evaporates more when the barometer is low than 
when it ftands high, and confequently diftillation may be car- 
ried on on the tops of mountains more readily, and with lefs. 
heat, than at the level of the fea.. 

According, to Mr. Cavendifh, water heated' to 72° is not 
(fuddenly) converted into vapour under an exhaufted receiver, 
until the prefTure is no greater than about -^ of the ufual pref- 
fure of the afmofphere, that is about three-fourths of an inch j 
and if the water.be heated only to 41, the prefTure mail be re- 
duced to one-half an inch,, but the vapours thus raifed are im- 
mediately turned back into water on reftoring the preffure of 
the atmofphere, Phil. Tranf. 1777, 622. But it is plain that he 
means, that the greater part only is re-converted into vapour 
(unlefs the air is already faturated) by the increafed prefTure; 
for he allows that water expofed to the open air will evaporate at 

any 
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any degree of heat, and under any .-preffure. ; and this he attri- 
butes to the adion of air upon it. And fince the removal of 
the greater part of the preffure promotes evaporation, the dimi- 
nution of a fmall part of the preffure mu ft promote it in a 
degree proportionably fmaller, let the temperature be what it 
may. Hence vapours arife more copioiifly and teadily in rare- 
fied air than in air of greater denfity, if the temperature of both 
forts of air be equal. 

"The corifequence deduced from thefe experiments is farther 
firengthened by the obfervations of Sauffure on evaporation on the 
Col deGeant compared with that which took place at the fame time 
at Geneva. On the mountain the barometer ftood at 19,88 Englifti 
inches, and at Geneva at 29,04. The thermometer on the mountain 
was at 45°,3 of fall r. at a mean, and at Geneva at 50 , yet on the 
mountain 39,5 grains were evaporated, while at Geneva only 14,5 
grains difappeared. It is true that the air at Geneva wanted only 2,38 
grains to faturate it, while that on the mountain wanted 4,03 ; 
but fo fmall a difference cannot account for fo confiderable a 
difpaiity in the effect. See the ingenious calculations and the 
feries of confequences deduced by this excellent philofopher, 
Voyages aux Alpes, vol. vii. 8vo. § 2059 and 2060. His general 
conclusion is, that a diminution of the denfity of the atmof- 
phere amounting to one-third, every thing elfe being equal, doubles 
the quantity of evaporation, § 2062. 

Hence 
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Hence Mr. De Luc and fome other philofophers conclude, that 
the affinity of air to water, if any, no way contributes to eva- 
poration, but that it is the mere refult of the abforption of caloric 
by water at its furface, which abforption renders a portion of 
it fpecifically lighter than the air in contact with if, Jdees fur la 
Meteorol. § 2, &c. The denfity, to which vapours thus raifed 
are capable of arriving, hath certain limits^ each relative to their 
temperature, being more extenilve in higher temperatures, and 
narrower in low temperatures. The fpecific gravity of vapour 
he confiders as lefs than that of air by more than one-half, their 
mafs being above one-half lefs than the mafs of an equal volume 
of air poffeffing the fame elaftieity in the fame circumftances, 
ibid. § 7. Again, if, fays he, thefe vapours fubfift in any fpaoe, 
unmixed with air, in that cafe any pteffure, fuperior to the ex- 
panfive force which they poffefs in a given 'temperature, will, by 
forcing their particles into clofer contact, oblige them to unite, 
and thus partially condenfe themj or (as he, in my opinion, im- 
properly calls it) decompofe them-, but if any quantity of air, 
capable of fupporting this excefs of preffure over their expanfive 
force, be mixed with them, they will fupport their vaporous 
ftate, § 14 and 554. 

I muft confefs that the commonly received dodlrine of the fo- 
lution of vapours in air, at leaf* in air of the u'fual denfity, on 

plains, 
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plains, appears to me much more intelligible and better founded. 
In this fyftcm, firft fuggefted by Halley, and beautifully illuftrated 
by Roy, and ftill farther extended by Doctor Hamilton, water is 
attracted by air, and forms a compound lighter than mere air of 
the fame temperature, and under the fame preffure; but the 
difference of their gravities is not considerable. Whereas, in Mr. 
De Luc's hypothefis, water and air, not being chemically united, 
do not form a compound, but rather what in technical language 
is called an aggregate, like water and oil mixed together ; if fo, 
vapours, being fpeciflcally lighter by one-half than air of the fame 
temperature, fhould rife above the ftratum of air in which they 
are formed, until they are cooled during their afcent, or meet 
with air of the fame denfity, betwixt which and air of fuperior 
denfity they muA remain. If fo, vapours fhould never be found 
in the lower firata of the atmofphere, unlefs they be perpetually 
renewed ; confequently, if the fource of evaporation be cut off, 
as it is when moift air is placed under a receiver ftanding on 
metal, or on any other dry fubftance, and the temperature be kept 
undiminished, the vapour originally difperfed through the whole 
of its volume fhould gradually collect and float at the top, as 
happens when water and oil are mixed together. 

But this feparation of air and vapour never happens. For if 
concentrated fulphuric acid, or dry cauftic tartarin, or muriated 

lime, 
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lime, be, after fome days, carefully introduced under the fame 
receiver, all the moifture will, after a few days, be extracted by 
them, let the receiver be ever fo tall, as I myfelf and others have 
frequently experienced; which could not happen if thefe fubftances 
were not in contact with the vapours, which are perpetually 
drawn down by the attraction of the lower portions of air as faft 
as they are deficcated, and thus the contact perpetually kept up. 
Moreover, cold is known to be produced in. air by evaporation, 
but cold is never produced by mixture, but it often is by folution. 
Many other arguments might be adduced in proof of the folution 
of vapours in air, but thefe appear to me fufficiqntly convincing. 
See alfo Schmidt's excellent treatife on vapours, in 4 Gren's Jour. 

Yet it muft be remarked, that though air favours the rife of 
vapour by its affinity, yet it oppofes its formation by its prefTure, 
and, confequently, does not contribute to its origin, but only re- 
ceives it in its nafcent ftate, and difperfes it through its own 
volume, and enables it to fupport a degree of cold, greater than 
it could bear if fingle ; and as its preffure is proportioned to its 
denfity, denfe air oppofes evaporation more than rarefied air does, 
as already feen. 

But denfe air requires a greater quantity of vapour to faturate 

it than rarefied air, and, therefore, in equal volumes it may con- 

Vol. VIII. N n tain 
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tain a greater quantity of moifture than rarer air, and in all cafes 
air mufl have, to admit vapour, liberty of expanfion ; for in veffels 
full of air, and perfe&ly clofed and refitting dilatation, no more va- 
pour can rife but as much as faturates that air; and, confequently, 
diflillation cannot take place, let ever fo much heat be applied, as 
Font am has llirwn, 13 Roz. Journ. p. 22. 

Doctor Eason, in 1 Mem. Mancheft. p. 396, argues, that if 
vapours were difTolved in air, the air that receives them would 
have its weight increafed by the additional weight of the vapours ; 
but it is known, that moift air is lighter than dry air. This is 
certainly true, but then it is only fpecifically lighter than dry 
air. And it is well known that many, even metallic, alloys, are 
fpecifically lighter than cither of their ingredients. Air receiving 
vapours acquires a ftill greater addition to its volume than it 
does to its weight •, befides, vapour is lighter than air, not in- 
deed 1800 times, for that is true only of fleam , (the vapour of 
boiling water) not of common vapour, as De Luc himfelf now 
allows. 

The Do&or adds, that if the dodrine of folution were true, we 
could not have rain unlefs the air were fuperfaturated with water, 
which is true with refped to fome or other of the flrata of the at- 
mofphere, for rain proceeds from clouds, and clouds confift of 

vapours 
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vapours which had paffed the limits of faturation, and therefore 
have, in fome degree, coalefced ; but their farther coalefcence into 
rain is owing to electrical agency, as the Doctor himfelf well ex- 
plains in the fucceeding pages. 

The evaporation of water expofed to the air is encreaferi or di- 
minished by various circumftances, fome relative to the water and 
fome relative to the air. Thofe relative to the water are, i°. its 
temperature j 2 P . its furface ; and, 3 . its purity. 

And i°. as to temperature. It appears from Lambert's experi- 
ments made, in a room in which there was a flovc whofc heat 
could be regulated, that evaporation proceeds in a different ratio 
from our artificial degrees. The refults are exhibited in the fol- 
lowing table : 



Heat of the water. 


Ratio of Evaporation 


54 Q ,5 • • 


. . I 


77. • • • 


• • 3 


99>5 • • 


. . 6,5 


124, . . . 


. .12, 


H4, • • • 


. . 20,$ 


167, . . . 


• • 32,5 



The degrees of heat were taken by Lambert on Reaumur's fpirit 
thermometer, and the evaporation efti mated by lines of the Paris 

N n 2 inch, 
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inch, of which I have given the ratio, and have converted 
Reaumur's into Fahrenheit's fcale. It appears that between 54°,5 
and 99 P ,5 evaporation is nearly proportional to the differences of 
the temperature of the water, for as 22,5 (the difference between 
54 , 5 and 77 ) is to 3, fo 45, (the difference between 54^,5 and 
99 w ,$) is to 6. 

From a feries of experiments which \ profecuted in London 
during the year 1785, I am inclined to think that, other circum- 
fiances being equal, the ratios of evaporation to the temperature of 
water, are as expreffed in the following table : 



Heat of Water. 


Evaporation 


32° • • • 


i Grain 


45 • • • 


• 2,5 


55 • • 


• 4, 


65 . . . . 


• 5' 


75 • • » 


• 6,5 



These experiments were made on water contained in a cylin- 
drical glafs veffel, under a furface of 25,23 fquare inches, and 
containing 23,13 cubic inches. It was partially expofed to the 
wind and air between the hours of twelve and two o'clock in the 
afternoon, but fheltered from rain. In winter the initial heat of 
the water was generally a few degrees higher than that of the 

air, 
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air, and in fummer a few degrees lower ; but of the variable in- 
fluences of the winds, or of the faturabiiity of the air, I can give 
no account, except that of this laft I may fay, that the hygrometer 
never flood lower than 70 ; but as thefe influences fometimes 
concurred with,' and fometimes oppofed, the action of heat, it is 
probable that, in producing the general effect collected from a num- 
ber of experiments, they balanced- each other. 

2°. With refpect tofurface, it is now generally agreed, in con- 
fequence of the numerous and accurate experiments of Wallerius 
and Richman, repeated and confirmed by Lambert, that other 
circumftances relative to the air and to the water being alike, eva- 
poration, in equal times, is exactly in the ratio of the extent of 
the furface which water expofes to the atmofphere ; and hence it 
is, that agitation of the water, by increafing and varying the fur- 
faces, promotes evaporation. Yet Mufchenbrock, in his notes on 
the experiments of the Academy del Cimento, relates fome, in 
which he found, as he imagined, that the depth of water con- 
curred with the furface in promoting evaporation; fo that if the 
furfaces were equal, the evaporation would be as the cube-roots 
of the depths; thus evaporation, from a veffel eight inches deep, 
and filled with water, would be twice greater, than the evapora- 
tion from another veffel of equal furface in the aperture, but 
only one inch in depth. In this experiment both vcfTels were of 

lead, 
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lead, and placed near each other, three feet above the furface of 
the earth, and expofed to the full a&ion of the air, wind and fun. 
i Colled. Acad. p. 142. But he adds, that when both were 
placed in a room, within his houfe, the daily evaporation from 
each was equal. 

In the firft experiment, a difparity of temperature feems to me 
to have taken place during its continuance, which occafioned the 
inequality of evaporation. The external air conftantly varies its 
temperature : now fuppofing the initial temperature of both vef- 
fels and of the water contained in them to be equal ; and fuppof- 
ing the external air fome degrees hotter or colder than the water 
in thefe veffels, the fmaller of the two veffels, and alfo the water 
contained in it, muft have acquired the temperature of the air 
fooner than the water in the larger of the two, and thus its evapo- 
ration muft fooner have been checked, as will, prefently be fhewn 
in treating of the influence of the temperature of the air, and this 
check to evaporation muft have been renewed after every change in 
the temperature of the air ; whereas, the water in the larger veffel 
muft have, during each change, acquired the temperature of the 
air more fiowly, a circumftance which promotes evaporation, as 
will be fhewn. Therefore, in the fecond experiment within doors, 
where the variations of the temperature of the air were fewer, or, 
none, the daily evaporation from each veffel was nearly equal. 

And 
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And thus we fee, that depth is a circumftance of no importance, 
except as far as it is connected with temperature. But if we fup- 
pofe, during the progrefs of the evaporation, fuch a change in the 
temperature of the ak as reduces it to an equality with that actu- 
ally exifting in the larger vcffel, and below that > which already 
took place in the fmaller, (which may happen by the intervention 
of a cloud) in that cafe the evaporation of the larger will be 
checked, while that in the fmaller goes on. And thus we may 
explain fome feeming anomalies in the experiments of Wallerius. 

This celebrated naturalift expofed to the open air, in the month 
of Auguft, two tin parallelepipeds filled with water, whofe furface3 
were nearly equal, but the height of one of them was one inch, 
and of the other two inches, and found that the fmaller in three 
hours loft 87 grains, and the larger only 77 ; but in three hours 
more, the fmaller further loft 148,75 grains, and the larger 151. 
The total Iofs of the larger in fix hours* was 228 grains, and of the 
fmaller 235,75. But m tne mon ^h- of June he found the larger 
to lofe in feven hours 199 grains, and the fmaller only 183. That 
the inequality of temperature in thefe experiments was the true 
caufe of the inequality of evaporation, he rendered evident by 
another experiment, in which, having coated cylinders of unequal 
capacities with clay, to prevent the quick communication of heat r 
filled them with water, and expofed them to the air, he found the 

evaporation 
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evaporation nearly proportional to the furfaces, in free contact 
with the air. n Coll. Acad. 142, I43» and 146. 

The influence of free contact with the air is farther illuftrated 
by the experiments of the Reverend Mr. Williams of Bradford, in 
New England, for having filled with water two cylinders of equal 
diameters and depth, and fupplying the quantity evaporated from 
one of them once a week, and that evaporated from the other 
once a month, he found the evaporation from that filled once a 
week one-third greater than that from the cylinder filled once a 
month, in the hotter feafon of the year, and fomewhat below 
one-third in the colder. 2 American Tranf. p. 118. The reafon 
of which difference was, that the evaporation during a month 
Being greater than that during a week, the air during the lad 
three weeks of each month was obliged to fink deeper into the 
vefTel than during the firft week ; it was therefore more confined, 
and could not be fo quickly renewed, as that over the vefTel that 
was kept full every week ; and therefore during three weeks in 
each month its evaporation was checked. His velTels, though in 
fome degree expofed to the air and fun, were fheltered from the 
rain, and therefore in fome degree from the open air. It fhould 
alfo be remarked, that according to the beautiful experiments of 
Doctor Prieltly, common water expofed to the fun, for fome time 
yields oxygen air, which accelerates evaporation while this pro- 
duction 
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duftion lafts, and hence the evaporation from fuch water is often 
greater at firft than afterwards. 

The moft finking proof, and the happieft application of the effi- 
cacy of multiplied furfaces in promoting evaporation, may be feen 
in what are called the houfes of graduation, where waters, con- 
taining only one per cent, of common fait, are fo far evaporated 
by the mere multiplication of furfaces, that the refidue contains 
twenty per cent, and in this ftate, and not before, they are ex- 
pofed to heat. Such houfes are common in Germany and Swit- 
zerland. See Haller's account of the procefs in the Paris Me- 
moirs for 1764. 

The third circumftance relative to the ftate of water, and which 
affeds its evaporation, is its purity. It is well known, that con- 
centrated folutions of mod falts evaporate much more flowly than 
pure water, in the fame circumftanccs ; but Wallerius has fhewn, 
that the evaporation from a folution of common fait, whofe fpecific 
gravity was 1,0466, and confequently containing fixteen per cent, 
was nearly equal to that of fimple water, after the fait was fully 
diffolved ; but during its folution evaporation is diminished by 
reafon of the cold produced. 

Hence we fee, that under equal furfaces, evaporation from the 
fea is as confiderable as that from lakes. 
Vol. VIII. O o Wallerius 
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Wallerius alfo found, that ice evaporates in proportion to its 
furface and temperature, though lefs than water equally cold ; and 
that it evaporates more during congelation than when its conge- 
lation is completed. And hence it is, that ice and water evaporate 
more than mere water of the fame temperature, and fo much the 
more as the air is colder, probably becaufe congelation is pro- 
moted by air in proportion as the air is colder ; nay, evaporation 
is checked during a thaw, n Colled Acad. 263, &c. 

The evaporation of ice was denied by Baron, but it was afcer- 
tained beyond all poflibility of doubt by the accurate experiments 
of Sauflure. Hygrom § 130. Baron however has proved, that 
ice expofed to wind lofes confiderably by abrafion, the wind car- 
rying off its particles in an exceeding fine powder. Sauflure alfo 
obferved, that ice evaporates in air four or five degrees colder than 
itfelf. 

Tnvjlate of the air in contact with water comes next under our 
confideration, as it materially affects the quantity of evaporation. 
Air may be confidered either with refped to its denfity, or with 
refpecl to its temperature, or with that of its affinity, which again 
involves the confideration of denfity, or with regard to its agitation, 
or with regard to its eleftricity. 

And,, 
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And, i°. with refped to temperature, the air in contact with 
water may be either of the fame temperature as the water, or it 
may be warmer, or colder. 

If both the water and the air be of the fame temperature, it 
appears by the experiments of Richman, that evaporation pro- 
ceeds moft flowly, as in that cafe the air in contact with the water 
foon becoxnes faturate ; and though moift air is fpecifically lighter 
than dry air, yet that happens only when both are of the fame 
temperature, or the dry air colder. Now air in taking up moiiture 
is cooled by it, and therefore continue!! its conl.icl with water, 
and thus the progrefs of evaporation is checked. 

Again, if the air be warmer than the water, and its tempera- 
ture between 6o ' and 70 , and if the water be 14° colder^ or 
more, in that cafe there is no evaporation at all, but, on the con- 
trary, the air depofits the vapours it had previoufly poftefled ; for 
Richman found the fcale in which the water was at firft fully 
counterbalanced, gradually to fink, and drops of water appeared 
on the fides of the vcffel. But if the water be only 11 colder, 
it will evaporate indeed, but flowly. But if the air be at any 
temperature between 75° and 87 , then evaporation is prevented 
only when and while the water is 20 degrees colder, or more j 
and water in Richman's experiments was depofited on the fides of 

O 2 the 
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the veffel, undoubtedly from the air in contact with them. But 
an inferiority in the temperature of water, amounting to lefs than 
20°, will not prevent evaporation, but only proportionably dimi- 
nish it ; it is always brilkeft when the inferiority amounts only 
to i£, or 2 degrees. 

Therefore, the nearer water approaches to the temperature of 
the air, and yet remains one or two degrees below it, the more 
evaporation is accelerated. This may help to explain fome expe- 
riments of Achard, 15 Roz. Jour. p. 468. 

Richman alfo obferved that when air is fome degrees warmer 
than water, evaporation is for a few minutes flower than it be- 
comes afterwards ; but after a few hours it is again retarded. The 
reafon of which feems to be, that the inferiority of temperature 
in the water is originally greateft, but gradually diminifhes, and 
thus evaporation is accelerated ; but, at laft, the water attains an 
equality of temperature, and then evaporation is retarded. 

This, however, can rarely happen, but when the mafs of water 
is fmall, or its depth inconfiderable, or the air in a ftagnating 
ftate. 

2°. When air is colder than the water expofed to it, the refult, 
with refpecl to evaporation, is exactly the reverfe of what happens 

when 
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when the water is the colder of the two. For Richman's experi- 
ments fhew, that other circumftances being fimilar, evaporation 
in equal times (at leaft in portions of time not exceeding feven 
hours) is fo much the greater, as the difference between the tem- 
perature of the air and that of the water is greater. Or, in other 
words, the evaporation is as the differences between the colder air and 
the warmer water. Thus, if a difference of 92 produces an eva- 
poration as 13,5, a difference of 68 Q will produce an evaporation 
of 9,46. This law, however, refts on the fuppofition, that the 
temperature remains unaltered (otherwife a new calculation would 
be requifke), which may. be fuppofed nearly true, when large 
maffes of water in contact with the air are cooled by it ; they defcend 
and give place to the lower and warmer water, while the air, 
warmed by contact with the water,, rifes, and gives place to the 
colder which defcends : but fuch retrogade movements, whether of 
the water or of the air, are imperceptible, unlefs the differences of 
temperature be considerable in the different ftrata of each j and 
with refpeel to air in particular, unlefs the fpecific gravity of the 
lower ftrata be inferior to that of the upper in a notable degree. 
The previous faturability of air, (that is, its diftance from the 
point of Taturation) muft occafion confiderable differences in the 
evaporation of the water expofed to it. 

Lastly, ifwefuppofe the temperature of the water conflant, 
and the temperature of the air in one cafe fome degrees hotter, 

and 
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and in another cafe colder than water, by an equal number of de« 
grees, it fhould feem, that in equal times the evaporation would 
be greater in the hotter air than in the colder, beeaufe colder air 
is fooner faturated, requiring only to produce faturation a fmaller 
proportion of moifture ; yet as, on the other hand, hot air depofits 
moifture on water fome degrees colder, this point is not yet ab* 
folutely fettled. 

Section II. 

Of the Influence of Affinity, 

The next property of air materially concerned in promoting 
evaporation is its affinity to water. That this affinity is very flrong, 
appears by the difficulty of depriving water of the air it contains, 
either by ebullition, or by the adtion of the air-pump, as Mr. De 
Luc has long fince fhewn, This affinity, neverthelefs, does not 
feem to me a chemical affinity, for water and air do not form a 
tertium quid, as bodies chemically united do ; and they are in great 
meafure feparable by mere mechanical means, as by the action of 
the air-pump, which bodies chemically united never are, and 
hence, Sauflure very properly calls it, an hygrometrical affinity : 
yet it refembles chemical affinity thus far, that it ads by attraction, 
and promotes an union, at lcaft of adhefion, and this attraction 
has its limit, which is alfo called faturation. 

Of 
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Of faturation, or of any approach towards it, no fatisfa&ory 
knowledge could be obtained previous to the difcovery of a com- 
parable hygrometer by Mr. Sauffure ; an invention which perhaps 
is equal in importance, and confidering it conjointly with the 
inveftigation of the numerous incidents to which it gave birth, 
was attended with greater difficulties, and required more fagacity, 
than any difcovery, (thofe of Scheele excepted^ made during the 
courfe of the laft century. 

This inftrument confifts of a fingle human hair, duly cleanfed r 
and kept in a ftate of tenfion by the weight of a few grains r 
and rolled on a pulley to which an index is fixed. The hair is 
lengthened by moifture, and the index drawn up ; it is contracted 
by drynefs, and the index drawn down ; the weight prevailing 
in the firft cafe, and the elafticity of the hair in the fecond cafe : 
heat alfo lengthens the hair, but as it alfo promotes the evaporation 
of the moifture adhering to the hair, it by that means, upon the 
whole produces a ftill greater contradion, and thus makes it 
indicate fuperior drynefs. 

Fixed points both of the maximum of deficcation, and of the 
maximum of moifture, that is faturation therewith, were accu- 
rately fettled, and even fome degrees of fuperfaturation noted. 
The maximum of deficcation is not undoubtedly the true maximum rj 

yet 
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yet however, iince it far exceeds any variable degree of moifture, 
ever difcovered in air, it is fully fufficient for all meteorological 

purpofes. 

The maximum of deficcation is marked o on the fcale of this 
inftrument*, and the maximum of moifture, or point of fatura- 
tion, 9S P . To prevent confounding thefe with thermometrical 
degrees, which often accompany them, I denote them by Roman 
numerals. XXV. marks the greateii drynefs, which according to 
SaufTure can never be found in the open airf . XL. the greatefl 
drynefs ever obferved by him ; confequently even L denotes a 
confiderable degree of deficcation. - But LXX denotes a degree 
of moifture often perceptible on glafs. 

Here it muft be carefully remarked, that hygrometrical degrees 
denote very nearly the ratios which the quantity of moifture 
poffefled by a Jlratum of air, bears to the quantity that would 
faturate that air in its a&ual temperature ; and as this faturating 
quantity varies more or lefs in every degree of temperature, it 

follows, 



* I have often produced a deficcation far below o by means of fulphuric acid 
highly concentrated. . 

f I dont know that the drynefs of the fcirocco or harmattan was ever explored by 
this inftrument. 
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follows: i°, that the fame ratio^ cr hygrometrical degree, will in- 
dicate a different faturating quantity, and a different abfolute 
quantity of moifture, in every different degree of temperature. 

2d . That if in a given jlratum of air the temperature be 
altered, while the quantity of moifture remains conftant, the ratio 
or degree will aJfo be altered; becaufe the quantity neceflkry 
to faturation is altered: therefore, if in this cafe the temperature 
be raifed, the index will be lowered, and mark a greater drynefs, 
becaufe the air is farther from faturation, and therefore relatively 
dryer; and, vice verfa, if the temperature be lowered, the index 
will afcend, and mark a greater degree of moifture, though its 
real quantity be the fame, becaufe the air is then nearer to the 
point of faturation than it was before. 

This ratio of the actual degree to the faturating quantity is 
what I call the xz\a\\vt fatur ability of air. 

Hence it follows that, at high temperatures, the fame hygro- 
metrical degree denotes an abfolute quantity of moifture far 
greater than it does at low temperatures; becaufe, though the 
ratios to the faturating quantity are nearly the fame, yet the fatu- 
rating quantity in high temperatures is far greater than in low 
temperatures, and a high hygrometrical degree in air at a low tempe- 
Vol, VJII. P p rature 
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rature may indicate a far fmaller quantity of moifture than a 
low hygromctrical degree in a high temperature. 

Saussure did not flop at thefe general indications. He has 
given us, i 9 The abfoJute quantities of moifture, correfponding with 
each hygromctrical degree, contained in the French cubic foot 
(that is 1,2 1 o Englifli) at the tcm|)craturc of I5°,i6 of Reaumur, 
equal to 65,8 Fahr. or rather 65,4, for he neglects the fraction 0,16: 
ado. the abfolute quantities of moifture in the cubic foot, 
correfponding with every five degrees of the hygrometer, com- 
mencing at the XLth, at every fifth degree of Reaumur, commenc- 
ing at — 10 = 9°,5 of Fahr : but on the accuracy of this table 
he does not fo much rely, as on that of the firft. Fortunately, 
extreme accuracy for the general purpofes of meteorology is not 
requifitc : 3U0. he has given a tabic of the diminution of the 
menftrual power of air when rarefied to the degrees denoted by 
barometrical heights. With refpecl to the principles on which this 
table is founded I do not however perfectly agree with him. 

Op the firft table I fhall here tranferibe fuch degrees as appear 
to me moft curious and ufeful. 



TABLE 
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TABLE I. 



t)f the Weight of Moifture in a Cubic Foot, indicated by the Hygromt- 
trical Degrees at 65 of Fahr. Barometer 28,77. (^ n i^)- 



Hygrometer. 


Grains. 


Hygrometer. 


Grains. 


Hygrometer. 


Grains. 


Hygrometer 


Grains. j 


I 


0,0^04 


I. 


1.4«>2 


i.xvn 


?.B5<)i' 


LXXXIV 


8,7170 


II 


o,ort-n 


1.1 


».;<>■•* 


l.XVlll 


f>,<>{!>) 


I.XXXV 


8,1:850 i 


XXXV 


7,1702 


I.I! 


\ t <H)-,(l 


1AI\ 


r.,t.,,7i 


1. XXXVI Vl .. n „ i 


XX W I 


2,2475 


1,111 


3>»°7 J 


J, XX 


<W'5« 


1. xxxvii v.uio ; 


XXXVII 


2 >3 i 54 


LIV 


3>9'9 2 


LXXl 


rt >533' 


LXXXVIlli y,»Hyo 


XXXVIII 


2,4041 


LV 


4.0335 


LXXII 


6,7011 


LXXXIX 9,5570 


XXXIX 


2,4834 


LVI 


4»i5°2 


LXXIII 


6,8691 


XC 


9.7 2 5o 


XL 


2>5 i5 34 


LVII 


4,2692 


LXX1V 


7,0370 


XCI 


9,8930 


XLI 


2,6451 


LVIH 


4,39°? 


LXXV 


7,2050 


XCII 


10,0610 


XLIJ^ 


2,7291 


LIX 


4.5*4! 


LXXVI 


7»37 2 ° 


XCIII 


10,2290 


XLIII 


2,8155 


LX 


4.<55 3 4 


LXXVII 


7.54'o 


XCIV 


10,3970 


XLIV 


2,9042 


LXI 


4,8021 


LXXVIII 


7,7090 


XCV 


10,5650 


XLV 


2,9952 


LXII 


4.9597 


LXXIX 


7.877° 


XCVI 


10,7330 


XLVI 


3,0885 


LXIII 


5,1271 


LXXX 


8,0450 


XCVII 


10,9010 


XLVII 


3> l8 42 


LX1V 


5»3°3i 


LXXXI 


8,2130 


*XCVIII 


n,o69ofat n : 


XLV III 


3,2822 


LXV 


5.4873 


LXXXII 


8,3810 


XCIX 


fuperfat". 


XL1X 


3.3826 


LXVI 


5> 6 775 


LXXXIII 


8,5490 







* He originally fixed faturation at C; but as fomc uncertainty attended this point, 
he afterwards thought it fafer to fix it at XCVIII. 
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As air at each degree of heat may contain various degrees of 
moifture, from the extreme degree of drynefs up to the extreme or 
faturating degree of moifture, every hygrometrical degree may be 
found in each degree of temperature, and confequently tables fia;i- 
lar to the laft might be formed for each degree of temperature. 
To form fuch tables with due accuracy would require the labour 
of many years. Hence SaufTure, in the fecond table, has only 
marked the quantity of moifture in a cubic foot, correfponding 
with a few of the hygrometrical degrees at each 5th degree of 
Reaumur, from — io° to -f- 30 Reaumur. 

The faturating quantity of moifture in a _cubic foot I call its 
hygrometrical complement. As SaufTure has given the complements 
of only every fifth degree of Reaumur,. I have interpolated four 
arithmetical means for the complements of the intermediate de- 
grees, but to diftinguifh them from thofe of SaufTure, I have, 
added S to thefe laft. 

I have aifo given Fahrenheit's degrees under thofe of Reaumur. 

This table I have contrived to fill by taking the ratios, each 
hygrometrical quantity, at each degree of heat, bears to the com- 
plement, as fhewn in page 310, but I- have calculated only to 8o Q 
of Fahr. 

TABLE 



Of the Quantities of 



Reaumur 
Fahren. 


• 

10° 

9°»5- 


9° 
m°.7S 


.9789 
U1653 


7° 
15°, rz 

1,0206 


6° 
i8°,5 

1,0625 
1,2890 


5° 

2o°,75 

S 
1,1067 


4° 
23° 

J > l 59S 


3° 
25V5 


2° 

27°.5 


Hygrometer 
XL 


S 

0,8971 


.937' 


1,2066 


J »2593 


XLV 


1,0676 


1,1509 


1,2151 

1,3871 


i»3i7i 


i,376o 
1,5712 


»»4375 


M98' 


L 


1,2197 


1,289 


1,2954 


i,4442 


<.5047 


'»59'5 


1,711; 


LV 


1,4116 


1,476 


'.5427 


1,6085 


1,6742 


'»74 5 4 


1 

1,8218 


1,9029 

2,2060 
2,5878 
3,0054 

3.3973 
3>7943 


1,9841 


LX 


1,6411 j i,7"9 


1,7882 
2,0975 
2,4336 


1,8647 


1,9412 

2,2767 


2,0246 
2,3691 
2,7482 
3>"°7 
3.4734 


2,IIl6 


2,300-i 


LXV 


1,9204 


2,008 


2,1868 
2,5463 


2,4769 
2,8768 

3.2525 


2,6981: 


LXX 


2,2277 


2 >33 8 


2,6437 
2,9896 

3.3390 


3> '34 


LXXV 


2,5215 


2,637 
2,944 


2.7542 


2,8720 


3.542. 


LXXX 


r,8 1 55 


3,0770 


3.207 1 
3.5425 


3.6325 


3.957 


LXXXV 


3. '095 


3.253 


3.39 8 o 


3,6386 
4,0379 
4.378i 
4.5979 


3.836' 


4,0124 


4,1919 


4.370 


XC 


3>4035 


3,562 


3»7"97 


3,8708 


4,1987 


4.39 2 4 


4,5889 
4.975' 


4.785 


XCV 


3,6946 


3,861 


4.0325 


4,2025 


4,5578 


4,622 


5,188 


XCVIII 


3.8739 


4,0549 


4. 2 359 


4,4169 


4,7790 


5,0023 


5,2256 


5.448 



TABLE IT. 

f the Quantities of Moifture in a cubic Foot of Air at different Degrees of the Hygr* 



75 


4° 
23° 

J > l 59S 


3° 
25V5 


2° 

27°»S 


1° J o° 
1 
29 6 .75 32°. 


i° 

34°.25 


2° 

36°,5 


3° 
38°>75 

«»5532 
1,8485 
2,1112 


4° 
4i,° 


5° 
43°»25 


1 
6° 

4S°>5 
''7595 


7° 

47°>75 


8° 
50° 


9°' 
52°.25 


67 


1,2066 


1.2593 


1,3101 


S 
1.3653 


1,4260 
1,6710 

'.9378 
2,2470 


1,4910 


'.6394 


S 
1,6843 


'.8379 


1,9122 


1,9927 


7» 


1,3760 
1,5712 


»»4375 


1,4987 


».5589 
1,7800 


1,6248 


'.7778 
2,0251 


'.45 '4 
2,2636 


2,0045 


2,059 
2,39'3 


2,1878 
2,2782 
2,896 i 


2,2813 


2.3749 


47 


'»59'5 


1,7112 


1,8563 


2,2900 
2,6503 


2,6047 1 2,7115 


'4 


1 

1,8218 


1,9029 

2,2060 


1,9844 


2,0635 


2,1483 


2,3420 

... 


2,4462 


2,5836 


2r7723 


1 
3.0203 3,1442 


46 


2,IIl6 


2,3004 


2.3923 


2,4976 


2,6050 


2,7210 


2,8368 


2,996 


3,0690 


3.2145 


3.358o 


3.50H 

4,1064 


3.6437 


591 


2,4769 


2,5878 


2,6980 


2,8e6i 


2,9226 
3»39°3 


3.0550 


3,1910 


3.3280 


3,5210 


3.6055 


3.6124 


3.9382 


4.274; 


h 82 


2,8768 


3,0054 


3> I 34< 


3.2592 


3.549° 


3,7071 


3.8659 


4,0840 


4,1824 


4.3792 
4,9495 


4.5745 


1 , 
4,7700 4,965; 


07 


3»3973 
3>7943 


3»5425 


3,6847 3,8375 


4,0125 


4,1908 


4,3688 


4,6131 


4.7J42 


5,1710 


5,3920 5,61 2C 


'34 


3> 6 3 2 5 


3.9574 


4,1153' 4.2850 


4,4803 


4,6800 


4,8789 


5.'523 


5,2862 


5.5232 


5.7753 


6,0220 6,268< 


56, 


4.0124 


4,1919 


4>37°2 


4.5457 4.7324 


4,9489 


5,1699 


5.3903 


5,6904 


5.838. 


6,1271 


6,3796 


6,6523 6,925< 


?8 7 


4»39M 


4,5889 
4»975' 


4.7852 
5,1884 


4,9763 5.'797 
5»3977 5,6227 


5>4<76 


5>659 H 
6,1370 


5,9000 
6,3980 


6,2295 


6,3900 
6,9420 


6,5325 
7*249' 


6,9898 
7,5727 


7,2885 7.587 


578 


4,622 


5.875' 


6,7545 


7,8962 


iS.3'9 

' 8,632 

i 


790 


5,0023 


5.2256 


5.4489 


5,6722 5,8956 

i 




6,1701 


6,4446 


6,7191 


7,0936 


7.*73« 


7,6129 


7.9527 


8,2925 



IT. 



Degrees of the Hygrometer and Reaumur s Thermometer. 



To fa< 



I 

.5 


7° 

47°>75 


1 
8° 
50° 


9°' 

52°,25 

1,9927 


S4°.S 


n° 

S6°,75 

2,1710 
2.5830 


12° 

59°. 


1 
'3° 
61V5 


'4° 
Wo 


'5° 

65°.75- 

S 

2.5634 
2,9952 

3H852 

4.0335 


16° 
68° 

2,742' 
3.2640 

3.7267 
4.3212 
5,0094 
5,8804 
6,8247 
7.7'4 6 


17° 

7o°,25 


18 
72°,5 

2,9144 
3.47 '4 
3.9 6 43 
4,5966 
5.3286 
6,2499 

7.4563 

8,2063 


19° 

74°»75 


95 


'.8379 


1,9122 


S 
2,0779 


2,2675 


2,3649 
2,8140 
3.2130 


2.4554 
2,9496 

3.3372 
3,8694 


2,7973 


3»°37< 


"9 


2,1878 
2,2782 
2,896; 


2,2813 


2.3749 


2,4729 


2,699 1 


3.3 2 98 
3,8018 
4,4082 

5> II0 3 
5.9948 


3.6'5' 


M3 


2,604712,7115 


2,8251 


2.9575 
3.4206 


3,0120 


4,127c 


723 


1 
3.0203 3,1442 


3.2696 


3.5753 

4,1422 


3,7260 


4.789c 


'45 


3.358o 


3,5011 3,6437 


3.7737 


3. 8 5 2 3 


4.3 '92 
5.0659 
5,8910 
6,6516 


4,4856 
5,2612 
6, 1 1 1 2 
6,9080 

7»7 1 55 
8,5230 

9.3304 
10,1153 
10,6497 


4.6554 
5.4873 


5.548 


24 


3.93 8 2 
4.5745 


4,io6<j 


1 4.2747 
4,9652 


4,4480 


4.6519 
5.4023 
6,1067 
6,8210 


4,8584 
5,6310 
6,4679 


6,507. 


79 2 


4,7700 


5,1596 


6,3651 
7.2050 


7,250 
7,8700 


7,622 


195 


5,1710 
5.7753 


5,3920 5,6129 


i 5. 8 4 4 


8.544 


*3* 


6,0220 6,2689 


6,5213 


7» J 249 


7,4290 
8,2072 


8,0450 


8,6163 


8,7899 


9,1652 


9.542 


*7' 


6,379° 


6,6523 


6,9250 
7.5872 


7,2022 


7.5332 
8,2550 


7,8709 


8,8850 


9.5 » 79 
10,417 


9,7100 


10,125 


io,543 


325 


6,9898 


7,2885 


7.883. 


8,6205 
9.3421 
9,81 11 


8,9840 

9,7410 

10,2304 


9,7250 


10,630 
11,525 
12,104c 


11,084 
12,045 
12,6215 


a 1,540 


491 


7.5727 
7»95 2 7 


7.8963 


8,3196 
8,6323 


8,5640 
8,9725 


8,9429 


10,5650 


11,297 
11,5865 


'2.5 '2 


129 


8,2925 


9,3918 


11,069c 


'3.' 39 




















1 


■ 


■ 



r's Thermometer. 



To face page 304 



'3° 
5i°,2 5 


'4° 
63°o 


'5° 

65°»75- 

S 

2.5634 
2,9952 

3>4 8 52 


i6° 
68° 

2,742' 

3,2640 
3.7267 


'7° 
7° 3 >*5 


18° 

1 

72°,5 

2.9*44 

3>47'4 
3>9 6 43 


19° 

74°.7S 


20° 

77°. 


21° 

79°»25 


2,3649 


2»4554 

2,9496 

3.3372 


2,7973 


3.°37° 


S 
3. 1< 525 


3>3°33 


2,8140 


3.329 8 
3,8018 


3> 6l 5^ 


3.6952 
4.2997 
4,9761 


3.932o 
4,4892 

5.2055 


3>* J 3o 


4»'27 6 


3,7260 


3,8694 
4,4856 
5,2612 
6,11 12 

6,9080 

7>7«55 
8,5230 

9»33°4 
10,1153 
10,6497 


4.0335 


4»32i2 


4,4082 


4,5966 


4,7899 


4.3 '92 
5,0659 


4» 6 554 
5.4873 


5,0094 
5,8804 
6,8247 
7.7' 46 


5» ,I0 3 
5.9948 
7,250 
7,8700 


5.3286 
6,2499 

7.4563 
8,2063 


5.548i 
6,5073 


5.7434 
6,7697 


6,0345 
7.0779 
8>73'9 
9.2935| 


5,8910 


6,3651 
7.2050 


7,6222 


7,8526 
8,8888 


6,6516 


8,5442 


7,4290 


8,0450 


8,6163 


8,7899 
9,7100 
10,630 
11,525 
12,104c 


9,1652 
10,125 
11,084 

12,045 
12,6215 


9.5427 
'o.543 
U 1,540 

] I 2,5 I2 

!3»'39° 


9,9251 
10,9614 

n.9977 
13,0340 
13,6558 


10,380 1 


8,2072 


8,8850 


9.5 '79 
10,417 

11,297 
11,5865 


11,466 
« 2,55* 


8,9840 


9,7250 


9,7410 


10,5650 
11,0690 


13,609 


10,2304 


14,2940 
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As the lower quantities of moifture, correfponding to the lower 
Eygrometrical degrees at each degree of heat,, bear to the complement 
of each degree of heat, refpe£tively, nearly the fame ratio, the 
blanks in the foregoing table were filled up with tolerable accura- 
cy, (until the-quantities are determined by experiment) by means 
of the firft table for temperature 65 Fahr. in which both the 
complement and the inferior quantities were accurately determined}, 
and which. I therefore call iheftandard table. 

For, as ibis Jlandard complement for 65 , is to any inferior quan- 
tity of moifture, at any hygrometr-ieal degree in that table ; fo is the 
complement for any other degree of heat to the inferior quantity of 
moifture appertaining to the fame hygrometrieal degree > at that given 
degree of heat, at leafl fufKciently near. 

Stand. 

Compl. (at L.J Compl. 3 2 (at L.) 

Thus as 11,069 • S^S 2 : : 5,8956 : 1,842. Sauffure found this 
laft 1,8563. But in higher degrees of heat the approximation is 
greater. 

Stand. 

Compl. (atXCV.) Compl. 99° (at XCV.) 

Thus as 11,069 : IO >5^5 : '• 20,784 : 19,8376, and Sauffure found 
it 19,8379. 

To 
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'To form this table from actual experiment from the XL. of the 
hygrometer to XCVIII. and from the 9th of Fahr. to 99°, would 
require 522© experiments, of theniceft and moll delicate kind. 

Sacssurb has given various other ufeful tables, for which I 
mnft refer to his treatife; but he has given one, to the principle 
of which I cannot entirely affent. He is of opinion, that the 
menftrual power of air diminilhes with its density, § 146; and 
hence infers, that its power of receiving vapour is alfo diminished 
when it is rarefied. This laft point, however, is contradicted by 
the quick evaporation that takes place in vacuo and on lofty 
mountains. 

His, own experiments ieem to me to prove this increafe of the 
receptive power of air when its denfity was diminiihed j for he 
conftantly found his hygrometer to move to drynefs during every 
fucceffive exhauftion, and permanently fo, when the accefs of new 
vapour was prevented, § 145. Hence it appears, that the greateft 
part of the moifture, originally contained in his hygrometer, being 
no longer confined by the denfity of the ambient air, gradually 
evaporated. 

Mr. Pictet*s experiments on the manner in which hygrometers 

are affected by mere vapour excite much furpri#e, and deferve 

much attention. EfTais de Phyf. § in. 

He 
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He filled with vapour a receiver previoufly exhaufted of air «, 
the receiver contained an hygrometer which flood at XCVIII, and 
cpnfequently marked fatUration with moifture ; and the tempera- 
ture, both under the receiver and in the room, was 41 ; no 
moifture was depofited on the glafs. The receiver, in this ftate, 
was carried into another room, whofe temperature was 32 ; here 
moifture, and even drops of water, immediately appeared on the 
glafs, and the hygrometer indicated greater drynefs, for it Hood at 
XCI... .And fo I think it ihould, for the quantity and denfity of 
what vapour remained in the air were really, diminifhed, drops 
having been formed from part of it ; but after twenty minutes, the 
hygrometer again moved to moifture^ and finally flood at XCVII 
and one-half, and the cold under the receiver was increafed fix 
degrees. This too, it appears to me, fhould naturally be expected j 
for, by the increafe of cold, not only the vapours in contact with 
the hair are more condenfed, but its affinity to moifture is alfo in- 
creafed ; it therefore abforbs more of them, and confequently 
moves to moifture. On moving the receiver, in this laft ftate, 
into a room whofe temperature was 45^,5, the drops condenfed 
on its interior began to evaporate, and while this evaporation 
lafted, the hygrometer indicated an increafe of moifture, but foon 
afterwards it moved to drynefs, and in three hours the tempera- 
ture, being then nearly 48 , it flood at XC, becaufe the heat 
being 1 6° higher, diminifhed the affinity of the hair to moifture, 

and 
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and caufed part of it to feparate from its interior j at leaft I fee no 
other caufe. 

ALTBOtsoa the EngUfh cubic footbe finaHer than the French, 
and the* French grain fmaller than theEnglifh, yet I have left the 
quantities given by Sauffure unaltered, becaufe I am perfuaded 
that even the Englifh cubic foot of air, at leaft in temperatures ex- 
ceeding bo°. contains at every hygrometrical degree much more 
moifture than is indicated by thefe tables. This our author 
acknowledges, § 47, and well explains why the whole of the 
moifture contained in a cubic foot of air can never be extra&ed ; 
befides it feems to me, that under the veffels in which his experi- 
ments were made, the air not having fufficient power to expand 
itfelf as it fhould, on receiving moifture., could not take up the 
whole quantity which, were it at liberty, it would take up in 
high temperatures, that is above 75 , and therefore appeared fa- 
turated, when it, if at liberty, would not be fo, 

As" both faturability in a- given heat, and alfo an increafe of 
heat, promote evaporation, it may be afked, which of them exerts 
the greateft inQuence ? This curious queftion Sauffure has beau- 
tifully refolved from obferva-tions on evaporation on the Col de 
Geunt, compared with thofe made at Geneva, and by an ingenious 
calculation of the rcfulting effect of each of them. Voy. aux. 
Aipes, § 2060. 

The 
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The fatigability of air he eftimates by the number of grains, 
over and above thofe it already poffeffes, which it requires to arrive at 
faturation, in its actual temperature. Thefe grains he therefore 
calls degree* of faturability (or drynefs). He thus found : i°. that 
in air, whofe denfity is about one-third fmaller than ufual (as 
where the barometer ftands at twenty inches) the influence or eva- 
porating effed of a difference of one degree of Reaumur (2°,25 
Fahr.) is fomewhat more than three times greater than the in- 
fluence of a difference of one degree of drynefs or feturabiHty. 

2do. That in air of the ufual denfity, or only a few inches 
above or below it, the krftaeftce of a difference of one degree of 
faturafcflity is about throe times greater than the influence of a 
difference of one degree of Reaumur (2,25 Fahren 1 .) Therefore 
in an atmofphere of the ufual denfity, on plains, the influence 
of a difference of nearly 7 of Fahren 1 . is nearly equal to the in- 
fluence of a difference of one degree of faturability. 

Hence our northerly and eafterly winds, though fome degrees 
colder than the foutherly and wefterly, yet proroote evaporation 
much more j the air they convey being farther from faturation. 
Thus Achard found the evaporation from his atmedometer to be 
13, on the 4th of May 17.88, under an ENE. wind, thermometer 
51 , hygrometer XLVIII. but on the 7th of the fame month 
the evaporation was but 8, the wind being WSW. though the 
Vol. VIII. Q_q mean 
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mean heat of the day was nearly 6o°, the hygrometer being at 
LV1II. and confequently nearer faturation. Mem. Berl. 1788, 
p. 126. 

To give fome idea of the faturability of air at each 5th degree 
of the hygrometer from XL. to XCV at any temperature of the 
air from ij°,$ to 99°5, I have calculated the following table, 
which exhibits very nearly the ratio of the hygrometrical degrees 
to the complement or faturating quantity (at each degree of heat) 
taken as 1,000. 

XL . . 0,2311. Thus the complement of 9 P ,5 is 3,8739, 

of which 0,2311 is between t and ^r. 

XLV . . 0,275 

L . . 0,314 

LV . . 0.364 

LX . . 0,422 

LXV . . 0,495 

LXX . . 0,575 

LXXV . . 0,650 

LXXX . . 0,726 

LXXX1II . . 0,80 

LXXXV . . 0,802 

XC . . 0,878 

XCV , . 0,952 

Thus 
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Thus Sauflure found the complement of 9,$ to be 3*8739 
grains, and the quantity at XL. to be 0,8971 of a grain, and 
by the ratio here given it is 0,8952 of the complement.* 

Section III. 

Of the Influence of Wind. 

The third agent concerned in producing evaporation is agita- 
tion } whether of water in quiefcent air, or of air itfelf, that is 
wind) which neceffarily [produces the agitation of the water ex- 
pofed to it. It Js evident that the agitation of water promotes 
evaporation by augmenting its furface to a degree that efcapes 
calculation. The agitation of arr, befides involving that effect, 
promotes evaporation by the rapid removal of vapours as faft as 
they are formed, and by incefTantly prefenting new furfaces of 
lefs faturated air, and cooling the water if it be warmer than the 
air, in which cafe we have already noted the evaporation to be 
considerable, or, if both be of the fame temperature, by lower- 
ing that of the water, or if the air be confiderably warmer than 
the water, by lowering the difference, and confequently promoting 
evaporation, as already fhewn. Moll of thefe effects of wind 
are proportioned to its faturability, of which enough has been 
already faid, and to its velocity, of which I (hall now treat. 

Q,q 2 Mr. 

* How obfervations fhould be made on this instrument may be feen in the Appen- 
dix, Sauflure, 309. 
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Mr. Sm eaton has communicated an excellent table of the 
velocity of wind, which I here tranfcribe from the Phil. TranC 
J 759» P- 165. 

Milcj per I Feet per I Perpendicular Force on one fquare Foot, in Avoirdup. Pounds and Parts. 



Hour 



1 
1 

3 

4 

5 

10 

'5 

20 

2 > 
30 

35 

40 

45 
50 
60 
80 
too 



Second. 



•»47 
*.V3 

4>4 

S.87 

7>33 

14,67 

22, 

*9»34 
36.67 
44,01 

5'»34 

58,68 

66,01 

73>35 
88,02 

H7.3<5 
146,7 



,005 "j Hardly perceptible. 
, ,0*0 y Juft perceptible. 
.,044 



•»°79 1 

•»123 J 

•»49 2 "7 

IM07 j 
1,968 
3 



,968 1 

.075 ) 

4.4*9 1 

6,027 3 

7,873 1 

9.9^3 5 



Gently pleafant. 
Pleafant, briflt. 
Very briflc. 
High wind. 



Very high wind. 



12,300 Storm or tempeft. 

17,715 Great ftorrn. 

31,490 Hurricane. 

49,200 Hurricane that tears up trees and carries buildings before it. 



And 
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And Condamine tells us,- that eighty -five feet per fecond is 
the moft violent ftorm whofe velocity can be meafured at fea, 
Mem. Paris, 17,57,. P* §3J:> 8vo. 

Derham and Kraft's obfervations agree with thofe of Smeaton. 
By means of this table*, if the velocity of wind be known by 
any inftrument, its force may aifo be difcovered, and vice verfa. 
The effect of the velocity of wind, inafmuch as it refpe&s eva- 
poration, Sauffure has detected, by new aiid ingenioufly con- 
trived, though indirect experiments, On Co t dt Geant &nd at Geneva, 
and found that air, moving at the rate of forty feet per fec0nd*, 
triples 'the quantity of evaporation that' in calm 

air. He has fhewn, that in this cafe alio, fnV gf eater or leffer : la- 
turability of the air is a circumftance that materially affe&s the 
magnitude of the effect That on plains, a difference of one 
degree of faturability is equivalent to a difference of ii° Fahr. 
of heat ; and on heights,, on which the barometrical height is 
diminished one-third, its influence is equal to that of heat. 

Hence we fee, that the warmer air is, the quicker its motion, 
the greater its faturability, and the longer its duration, the 
more it will promote evaporation; 

Section 

♦The beft portable inftrument for measuring the force of wind is that invented by 
Dr. lind, Phil. Tranf. 1775, 
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Section IV. 

Of the Influence of Eledlriciiy and Light. 

That eleSricity powerfully affifts evaporation is generally ac- 
knowledged. Sauflure has fhewn that a card, fuperfatured with 
moifture, loft, when electrified, two grains in a quarter of an hour, 
while another equally circumftanced, but not ele&rified, loft only 
ingrain: but he limits its action to water in a free and uncom- 
bined ftate. Hygrometer: § 159 and 160. Briffon alfo has ob- 
ferved, that an excited ejeclric raifes water above its level. 
Mem. Par. 1767, p. 328, 8yo. But how it ads in the ope- 
jations of nature is but imperfectly known. 

Ug'bt alfo contributes to evaporation by difengaging air from 
water, and perhaps for other reafons as yet imperfectly known. 

Section V. 

Of the joint Adtion of the above-mentioned Caufes. 

The only feries of obfervations with which I am acquainted, 
made on evaporation, in which the principal caufes that concur 
in producing it admit of a diftindt confideration, being marked 
by .accurate inftruments and precife meafures, are thofe of Mr. 

Achard 
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Acbard, to be found in the Berlin Memoirs for trie years 1788 
and 1790. Of thefe I fhall transcribe a few, accompanying them 
with remarks, omitting the barometrical heights, as their dif- 
ferences, confiding only of two or three tenths of an inch, could 
not materially affect the quantity of evaporation. 



1788 



May 1 ft 
17th 
July 5th 
1789 
July 2d 



Mean Tern- 


peat ure. 


61,25 


56, 


72>5 


54,5 



MeanHygrom. 
Degree. 



L1I. 

LIV. 

L. 



XLIX. 



Evaporation 
Ratio. 


Wind. 
NE. 


Force 
Mean. 


,001 


5\V 


>o°4 


NE. 


5-5 


,014 


SW. 


S>S 


,001 


W. 


25.ro 



The force of the wind is marked twice, namely at each period 
of obfervation, that is at feven o'clock in the morning, and at 
twelve o'clock. That which obtained during the remainder of 
the day is not noted, which renders thefe obfervations incapable 
of exact calculation, the degrees of the other inftruments and of 

evaporation. 
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evaporation were taken three times in twenty-four hoars, namely 
at feven and twelve o?clock in the day, and at ten at night. 

On thefe obfervations I remark : 

*o. That in the firft and fourth, the quantities evaporated were 
equal, though the temperatures of the air differed considerably, 
viz. 6°,25, that, during the firft, being fo much warmer than 
during the laft. This equality can be attributed only to the 
greater faturability of the air in the laft cafe, and the greater 
force of the wind. 

2do. That in the fecond obfervation, the evaporation was four 
times greater fhan in the firft, thbugh the temperature was 5* 
lower and the hygrometer 3 degrees higher, yet the fatncabilkies 
at the refpedUve temperatures did not differ much, as may be 
Teen by the foregoing table, and the force of the wind was much 
greater during the fecond obfervation, 

3tio, That in the third obfervation, the evaporation was by 
far, the greateft, though the force and duration of the wind were 
(at leaft to appearance) exactly the fame as an the fecond obfer- 
vation, becaufe the heat was r6° higher, and the hygrometer 4 
degrees lower in the fecond obfervation. 

Thus 
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Thus we fee how obfervations duly made might be analyfed* 
and the general refult calculated a priori.. 

It deferves alfo to be remarked, that though Sauffure never 
found the air in Switzerland drier than XL and frequently at 
XCV. or even faturated, yet Achard, at Berlin, during the years 
1788 and 1799, never found it moifter than LXX. generally 
between L. and LX. and frequently at XL, and once even at 
XXXII. Berlin ftands on a fandy foil. Tne mean height of the 
barometer is 29,84 inches, and confequently its height over the 
level of the fea is about one hundred and forty feet, its diftance 
from the Baltic one hundred and twenty" miles, whereas Geneva 
ftands on the border of a great lake. The mean -height of the 
barometer is 28,77 inches, and confequently one thoufand and 
ninety-one feet above the level of the fea, (others deem it one 
thoufand two hundred and twenty) and about two hundred and 
twenty-five miles diftant from the Mediterranean. The air in 
mountainous countries is known to be much moifter than that 
over flat countries. 

During the feven laft months of the year 1785, and the feven 
firft months of 1786, I made daily obfervations, and never found 
the hygrometer to Hand lower than LXV. and that was on the 
22d of April 1785, barometer 29,97, thermometer 56 s *, wind 

Vol. VIII.- Rr NW. 
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NW. moderately ftrong. The ufual ftate pf the hygrometer was 
from LXXV. to XCL and soften ftill higher. 

The greateft lofs by evaporation which I ever obferved in one hour, 
from my atmedometer, was forty-five grains, its furface was 
25,23 fquare inches, and it contained 23,13 cubic inches of water, 
barometer 30,00 inches, thermometer (which I always keep 
fhaded from the fun) 68°, 5, hygrometer LXXDL initial heat of 
thp water 66°, final 64 , wind E. moderately ftrong ; and the 
fmalleft lofs in one hour was two grains, but frequently I could 
perceive no lofs during the firft hour, and fometimes fome lofs 
during the firft, fcarce any during the fecond, the water being 
frozen. 

Thus on the ift of March 1785, barometer 30,15, thermo- 
meter from 23 to 2 5 , wind N. initial heat of the water 32 , 
final 32 , but frozen liard, it loft five grains the firft hour and 
one on the fecond hour, while frozen. Trie quantity of water 
in a cubic foot of air I found by fulphuric acid to be 5,4 grains : 
1 had then no hygrometer, but by Sauflure's table it could not 
be far from faturation. But I have frequently obferved a lofs of 
from fix to eight grains during the firft hour, thermometer 26 , 
and even fix grains, when frozen, when the atmedometer was 
fully expofed to the open air. But during foggy and calm days 

there 



t 3 J 9 3 

there was often no evaporation. Including every variable circumftancc, 
I conclude the hourly evaporation at 32 may be eftimated at 
lour grains, and at. 45 P at ten grains, at 50° at twelve grains, 
it t;^ at fixteen grains, at 65° at twenty grains, and at 75° at 
twenty-fix grains, , at a mean throughout the year, in countries 
where the mean hygrometrical height is LXXXV. and ftorms not 
very frequent. Hence we may calculate the annual evaporation 
from maftes of water in countries whofc mean annual tempe- 
rature and hygrometrical ftate and agitation by tempefts is 
known. This circumflancc, however, has not hitherto been fuf- 
ficiently attended to, nor confcqucnlly even iipptoximatelv de- 
termined. 

In London, whofe mean annual temperature is about 50 , and 
where the hygrometer, at a mean of the year, is probably 
LXXXV. (I fay probably, becaufe its ftate in dry and moift years 
has not been determined) fince the hourly evaporation may be 
ftated at twelve grains, the daily may be ftated at a mean of the 
year at two hundred and eighty-eight from a furface of twenty- 
fix fquare inches, and therefore from one fquare foot one thoufand 
five hundred and ninety-five grains, which multiplied into three 
hundred and fixty-five gives 582,175 grains = 83,1676 pounds 
avoirdupoife, nearly, or about 101,07 pounds troy. Such a quan- 
tity of water, in a veflel of one fquare foot in the bottom and 

R r 2 aperture, 
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aperture, would rife to the height of upwards of 15,76 altitu- 
dinal .inches, which is nearly the quantity of rain that falls in 
London in the drieft years. 

Doctor Hales, from fome experiments, concludes the eva- 
poration from a furface of earth to be nearly the fame in 
winter as in fummer, as it contains more moifture in the former 
feafon, and ftates its proportion to that from water as three to 
ten, but by earth he means earth diverted of vegetables, which 
fcarce ever occurs, 1 Hales, p. 55; and with his experiments thofe 
of the Reverend Mr. Williams, of Bradford, in New England, 
nearly agree, 2 Amer. Tranf. 120. But the evaporation from a 
fquare foot of earth covered with vegetables, and duly fupplied 
with moifture, is much greater than that from mere water, as 
follows from his experiments, and -frill more demonftrably from 
the great and fpeedy evaporation from the multiplied furfaces 
in houfes of graduation. In a cultivated country, like the vici- 
nity of London, it is to that from water at lead as fifteen to ten. 
Bazin, from two years obfervations on moift earth, infers that 
it evaporates much more quickly than an equal volume of water. 
Hift. Par. Acad. 17 41. 

Rain does not prevent evaporation, as I have frequently ob- 
ferved. 

Saussure's 
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Saussurb's experiments on evaporation in tranquil air, both 
on Col de Geant, where the barometer flood at 20 inches, and 
at Geneva, where it flood at 28,77, Dear f° me analogy to thefe, 
as they were not made on mere water, but on a piece of linen 
about thirteen inches long and ten broad, moiftened until it 
weighed one hundred and fifty grains more than when dry, 
then expofed to evaporation for twenty minutes and weighed. 



Thcrmr. 



5i° 

42°,S 

43*,5 



54,5 

4$,7 6 

46,25 



On the Mountain. 



Ilygrotnr. 



LXXIV 

XC 

LXXXV 



Satuiability. 



4,032 
i,3 2 4 
2,184 



On the Plain. 



LXXXIII 

Lxxxni 

LXXXI 



2,495 
2,384 
2,772 



Kv.ipoi.iiioii. 



39,5 grs. 



20,8 



24 



Mean 29,7 

19,75 
H,5 
1 3,7 "5 



M^an 16,00 



Here 
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Herb two furfaces were expofed to evaporation, each confifl- 
ing of one hundred and thirty fquare inches. The time of ex- 
pofition was one- third of that. of my experiments, but the furtaces 
were- ten times greater. The mean temperature of the three ex- 
periments on the plain was 49°,^ the mean /hygro metrical height 
LXXJCII. and the mean quantity evaporated fixteen grains. This 
refult differs confiderably from the mean of mine made at- nearly 
the fame temperature, but different degrees of moifture in the 
air, and under a furface ten times fmaller, and in a portion of 
time three times greater. If his^ furfaces and times were reduced 
to mine, then the evaporation would be but 4,8 grains ; for fince 
two hundred and fixty fquare inches give fixteen grains, twenty- 
fix fhould give 1,6 grains; an4 this quantity multiplied into 
3 = 4,8 grains j the difference may proceed from the low fatu- 
rability of the air in his experiments, whofe effect, as already 
faid, is three times greater than that of temperature, and poflibly 
from the attraction of the linen. I have found no obfervations 
among mine exactly comparable in their circumftances with 
his. 

The cold produced by evaporation is an effect deferving much 
attention in a meteorological point of view. In the months of 
July, Auguft and September* 1783, I made numerous experi- 
ments with a view of detecting the connection of this effect with 

the 
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the temperature of air in a tranquil ftate, and the points from 
which the wind blew, but having no hygrometer I did not ex- 
amine its faturability. The veflel was the fame which I em- 
ployed in meafuring evaporation already defcribed ; its furface 
twenty-fix fquare inches, the depth of the water one inch. 
The time of expofure commonly five minutes. The water was 
fheltered from the fun, and almoft always one or two degrees 
colder than the air. A thermometer was left in the water and 
compared with another fufpended in the air and fhade clofe 
by it. The experiments were made at two o'clock in the after- 
noon j I fhaH here #ate a few ; 



Bar. 
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Bar. 



Ther. Wind. Cold produced Time. 

in the Water. 



29.9 


8 1 *,5 


N. 


8° 


3 minutes, 


29.7 


8i° 


NE. 


12 


5 


89*55 


79 


S. 


9 


5 


29.75 


77 


E. 


6.5 


4,5 


29>7 


77 


W. 


9.5 


5 


29>7 


74 


SW. 


7 


5 


30,01 


7+ 


E- 


8,5 


5 


29,9 


74 


NW. 


9,5 


5 


3°,o 


72 


N. 


7 


4 


29,8 


72 


ENE. 


10,5 


5 


3o»o5 


72 


W. 


8,75 


5 


29,6 


06 


NNW. 


5 


5 


29,75 


6i>5 


NE. 


5,5 


5 


'29,7 


61,5 


s. 


3,5 


5 


29,85 


61,5 


N. 


3,5 


4<5 


3°,* 


56 


E. 


5 


4,5 


3o, 5 


53 


W. 


3,5 


5, 


30,1 


53*5 


N. 


5 


5 



Hence 
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Hence we fee, i<>. That when the temperature of the air is 
from 75° to 8o°, and during a calm, the cold produced in 
water in five minutes is from 8° to 12°, even though the 
rays of the fun be intercepted : 

2dly, That during the gentleft breeze from the fouth the cold 
is diminifhed, but if from the north or eaft, it is increafed : 

3dly, That where the temperature is from 65 ° to 75 , the cold 
produced is from 5* to 8° : 

4thly, In temperatures from 53 to 65 , the cold produced i* 
from 3 Q to 5 : 

5 thly , It is plain that the cold produced is proportioned to the 
quantity of evaporation in a given time ; when this quantity is 
very fmall, as twelve grains per hour, or one grain in five minutes, 
as in temperature 50°, in fuch circumftances the cold produced 
is fcarcely perceptible ; but if thg_ water be expofed to a current 
of air, and this air unfaturated, the cold may be more confi- 
derable. 

Saussure, as ufual, made feveral ingenious experiments on the 

cold produced by evaporation in agitated air, both on a mountain 

Vol, VIII. Ss where 



where the barometer Hood at 20 inches, and on a plain 
■where it flood at 28,77. It would be tedious to defcribe the par- 
ticulars, but the general refult was, that when the velocity of 
the wind was about twenty-eight miles per hour, or forty feet 
per fecond, the cold produced by evaporation from a moift 
fpunge of about three (quare inches, in which a thermometer was 
inferted, was as follows* : 

On the Mountain. 



Thermr. 


Hygromr. 


Saturability. 


Cold produced. 


5o° 


LVH 


6,799 g re - 


*9° 


44*6 


lxxxiv 


2,328 


3* 




On the Plain. 




690 


LI 


7>478 


2o°,5 


4o°,i 


XCI 


1,082 


2,25 



Though various experiments have been inftituted to afcertain 

he cold produced by evaporation in evaporating liquids, yet I 

enow of none wherein the cold produced in air, by the evapo- 

ation of liquids in contact with it, has been examined ; hence 

with 
* Voy. aux Alpcs> $ 2060. 
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with a view of determining this point I have been induced to 
make the following experiment, May the 25th, 1801, during 
rain and the wind E. 

In a room 13,25 feet high, 24 feet long and 19 broad, 
whoie cubic contents of air were therefore fix thoufand 
and thirty-three feet, I fufpended by hooks from cords 7,5 feet 
high, and about the middle of the room, two fheets previously 
wetted, but out of which the moifture had been fo far wrung 
that no drops fell from them, at the diftance of 4,5 feet from 
each other, and placed a thermometer between them at the 
diftance of about two feet three inches from each, and at the 
height of five feet, and another thermometer eighteen inches 
higher than the fheets, and alfo a thermometer on each external 
fide of the fheets, at the diftance of two feet on one fide and 
eighteen inches on the other. 

To eftimate the lofs of moifture in the fheets by evaporation, 
I cut a fquare foot of the fame linen, which weighed, when dry, 
three hundred and fifty grains, and when wetted, and fo much 
moifture wrung out of it as not to drop, feven hundred and 
twenty-feven grains j it was fufpended by a wire from the fcale 
of a balance. 

Ss 2 The 
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The ftate of the inftruments, before the experiment twgan, 
was as follows : hygrometer LXXII. intermediate thermometer 
62 °, upper thermometer 61,5, lateral thermometers, each 6 2°. 

The experiment began eight minutes before two o'clock, and 
at eight minutes after two I found the ftate of the inftruments as 
follows : the intermediate thermometer ftill at 62°, the upper at 
6i°, and the lateral ones both at 6i°. The hygrometer was un- 
fortunately broken during the experiment. 

The fquare piece of linen, in the mean time, (that is during thofe 

fixteen minutes) loft 23,25 grains of its weight; each fide of it 

therefore loft 11,625 grains. The dimenfions of each fide of the 

fheets were 8,5 feet in length, and 6,5 in breadth =35,25 fquare feet ; 

hence each fide of each fheet fhould lofe 1 1,625 grains x 35i 2 5=4°9>78 

grains. But it is plain from the unvaried ftate of the intermediate 

thermometer, that the evaporation from the internal fides was ob- 

ftru&ed, that from each being obftructed by that from the op- 

pofite fide ; and as the upper thermometer was lowered only half 

a degree while the lateral thermometers, were lowered each one 

degree, it follows that each of the internal fides evaporated only 

one-fourth as much as one of the external fides, and both 

together half the quantity evaporated by each of the external 

fides. 

The 
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The influence of the evaporation of each external fide of the 
fheets extended at leaft to the diftance of two feet, as the therr 
mometers indicate ; each fquare foot therefore on one external 
fide lowered one degree the temperature of the two oppofite cubic 
feet of air, and confequently. the evaporation from 35,25 fquare 
feet lowered one degree the temperature of 72,5 cubic feet of air ; 
but thefe 35,25 feet exhaled 409,78 grains of vapour. There- 
fore the reception of 409,78 grains of vapour in the temperature 
of 62 ° cooled one degree 72,5 cubic feet of, air, 0/ each, cubic 
foot of air was cooled one degree by the reception and foJiUtion 
of 5,65 grains of vapour, and poflibly by a fmaller quantity,, 
for I cannot fay that the cold did not extend farther than the 
diftance of two feet. 

Now of the hygrometer in the room the temperature being: 
62 , the complement was therefore ten grains, and as it flood at 
LXXII. the ratio to its complement was 0,64 ; then as 10 Xo,64 
= 6,4 grains, this muft have been the quantity of vapour which 
the air originally contained in each of the two cubic feet; to 
which, if we add 5,65 we fhall have 12,05, which exceeds the 
complement by 2,05 grains. It is probable then that thefe 2,05 
grains were communicated to a greater diftance, and that 3,6 
grains only remained in each cubic foot. The folution therefore 
of 3>6 grains in a cubic foot of air in flxteen minutes, and in 

the 
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the above circumftances, cools it one degree. If the fatigability 
of the air were greater, it would undoubtedly cool it more, and in a 
fhorter time. 

Lei den frost's experiments on evaporation in very high degrees 
of heat, fincc verified and extended by Ziegler, SaufTure, Spalanzani, 
and D' Antic, and commented on by Lambert, are exceeding curious ; 
but as they have no relation to meteorology, (and though I have 
myfelf repeated them), I fhall not introduce them in this effay, but 
pafs to the fecond object of enquiry relative to the moifture of 
the atmofphere, namely the Hate of vapour when contained in it 



CHAP. II. 

Of the State of Vapour fubfijiing in the Atmojphere. 

Vapour or Moifture in the atmofphere may fubfiftin denfe air, 
or in air highly rarefied: that it is found in the former is well known, 
and that it may fubfift in the latter appears by the obfervations 
of Bouguer, for he faw clouds three or four hundred toifes above 
Chiromboracho, and confequently at the height of twenty-two 
thoufand five hundred and twenty-eight Englifh feet, or 4,3 miles 
*over the level of the fea j a height at which in the temperature 

of 
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of 32 a barometer would ftand at 12,7 inches. At fuch heights, 
and at much inferior, fince evaporation proceeds much more 
quickly, it is not to be fuppofed that all the vapour fo rapidly- 
produced is diffolved in the ambient air, but part rifes uncombined 
as it does under an exhaufted or half exhaufted receiver, and in 
this cafe Mr. De Luc's fyftem is admiflible. This emiflion of pure 
vapour feems to begin at heights at which the denfity of the air is 25 
(that is at heights at which the barometer would ftand at twenty- 
five inches, and thus I fhall in future exprefs the various denfities 
of air,) at leaft it is very considerable where the denfity is twenty, 
as already feen, p. 309. This leads me to treat of the properties and 
ftate of pure invifible vapour namely, its fpecific heat, elafticity, 
and fpecific gravity. 

The immortal Dodtor Black, the father of all difcoveries of this 
kind, informed me that the vapour of water, boiling at 212 , 
that is at 1 So° above the freezing point, aud pofleffing the fame 
fenfible heat as the water, contains nine hundred and forty times 
more latent heat than an equal weight of water does heated to 
212°, or 51,222 times more latent heat than it does of fenfible 
heat, counting from the freezing point, for 180 x 5>222 =. 940 
nearly. In this cafe the preffure or denfity of the atmofphere is 
thirty, the barometer ftanding at the height of thirty inches; and 
with Doclor Black's account the experiments of Mr. Schmidt of 

Gieflen 
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Gieffeti very nearly agree, for according to him the latent heat 
of the vapour of water, barometer 29,84 inches, and the heat 
2I2 Q , is 5,33 times greater than its fenfible heat above the 
freezing point, now 180 x 5*33 = 9S9»4** The difference or 
excefs in his experiment proceeds from the preffure of the atmof- 
phere being fomewhat lower, as Mr. Watt'* experiments prove. 

Mr. Watt difcovered that the latent heat of fleam diminished 
in proportion as its fenfible heat incrcafed, Phil. Tranf. 1784, p. 
335. Now the fenfible heat of fleam exceeds 180 above the 
freezing point when the barometer flands above thirty inches, and 
is lefs than i8o Q when the barometer flands lower than thirty 
inches, as Mr. De Luc firft difcovered, and may be feen in Sir 
George Schuckburg's and Mr. De Luc's tables, Phil. Tranf. 1779. 
jp. 375. From thefe I have deduced %he following table: 

*4 Grcn's Phys. Journal, p. 315. 



Heat 
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Heat of 


boiling 


water. 


Bar. 


Heat. 


3° 


212°, 


2 9 


210,28 


»8 


208,52 


*7 


206,73 


z6 


204,91 


*5 


203,06 


»4 


201,18 


*3 


'99» 2 7 


22 


'97»33 


ai 


I95.36 


20 


' 93»3f> 


'9 


191,06 


18 


188,46 


'7 


185.56 


16 


184,36 


"5. 


180,86 


'4 


176,70 







Vol. 



The accuracy of this table even in the lower part of 
the fcale is fuffioiently apparent by the refult of the 
experiments of Sauffure on ebullition on Mount Blanc; 
for on that enormous mountain, the barometer ftanding 
at 16 French inches or 17,05 Englifh, he found water 
to boil at the heat of 68°,993 of Reaumur, a. degree which 

on Geneva thermometers is equal to i85°,56 Englifh. 

Hence we fee that di filiation may be more advantageoufly 
effected on mountains than on plains, and at low barome- 
trical heights than at the greater, yet within certain limits ; 
for at heights that furpafs 8 or 10 thoufand feet, the fuel, 
by reafpn of the rarity ofihe air, is more flowly confirmed. 
Hence alfo from the knowledge of the degree of the heat 
of ebullition to two or more decimal places, the ftate of the 
barometer above or below 2i2 Q may infered to one or 
more decimal places. — The reafon of this rapid dimi- 
nution of the heat of ebullition below 25 inches is evi- 
dently the diminution of refiftance, from the diminifhed 
weight of the atmofphere, which then is very fenfible; but 
as the cold continually produced by evaporation is then 
alfo very confiderable, the time neceffary to procure ebul- 
lition is longer as SaulTure remarked on Mount Blanc, 
vol. vii. in 8vo. § 2011, p. 328. He found the heat of 
ebullition barometer 1 6 to be 68^,993 degrees, or in En- 
glifh meafures barometer 17,05. 1850,5 of Fahr. (counting 
one of Reaumur at Geneva — 2,225 of Fahr.) 

VIII. T t Hence 
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Hence fince, according to Mr. Watt, the fenfible heats of the 
vapours of boiling water at different barometrical heights are as the 
barometrical heights reciprocally, and the fpecific heats of the vapours 
of water boiling are as the fenfible heats reciprocally, it being 
known, that the fpecific heat of the vapour of water heated to 180 
degrees above the freezing point is 940. The fpecific or latent heat 
of the vapour of boiling water, whofe fenfible heat is known, (and 
it may be known by the barometrical height as (hewn in the 
above table and the notes) may alfo be difcovered. 

Thus the fenfible heat of the vapour of boiling water barometer 
30 being 180 above the freezing point (212 — 32P=iSoP) and 
the fpecific or latent heat of vapour, whofe fenfible heat is 
2o8°,56 (that is 176,56 above $2 Q ) as it is when the barome- 
ter ftands at 28 inches, is 958 for ^ 176,56. 180 :: 940.958*. 

As pure invifible vapour does not in my opinion (of which 
I have already ftated the grounds) exift in the atmofphere when 
its denfity is higher than 25, as it is in moft of the inhabited 
parts of the globe, but is always in this cafe united to air, an 
enquiry into its latent heat at different temperatures below ebul- 
lition were fuperfluous. But as it does exift in air whofe denfity is 
25 or lafs, fince it is found in air whofe denfity is 12,5, it becomes 
neceffary to examine its latent heat in fuch cafes, in all tempera- 
tures 

* Hence 169206, being the product of i8o°xo40, is the common dividend of all 
fenfible heats Mow i8o p . when the latent heat of the vapour is fought at barometrical 
heights below 30 inches. 
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turcs inferior to that of ebullition. Now, by analogy, I apprehend 
this latent heat in all inferior temperatures may thus be 
determined : 

As the fenjible heat of ebullition, when the barometer is at 25 
or below 25 is to the latent heat of the vapour at ebullition, fo is 
the fenjible heat of water heated to any inferior degree above 
32* to the latent heat of its vapour, multiplied by 5222. Thus 
the fenfible heat of water in ebullition barometer 25 being I7i°,4 

(= 2030,4— 32 ) its fpecific heat is 987 (« l£?i2£) the latent 

171,4 

heat of the vapour of water at 22 above congelation (lh.it is 

52° on Fahr. fcale) is 657 for ^ I7i°,4. 987 :: 22°. 126 x 522 — 

657. The latent heat of vapour infuch cafes cannot be determined 

by experiment on account of the admixture of atmofpheric air, we 

muft therefore refort to analogy, which in this cafe is perfect. 

The latent heat of pure vapour at greater heights is more 
confiderable : thus at heights, at which the barometer ftands at 20 
inches, the latent heat of vapour whofe temperature is 22 above 
32°, as in the lad cafe, is 730 ; for the heat of ebullition is 
I94°8, per table, = i62°,8 above 32 ; and the latent heat of the 
vapour at ebullition is 1039. Now ~. 162,8. 1039 :: *°' Ho and 
140 x 5^2^730. 

Tt 2 As 
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As air is cooled by the reception of moifture diflblved in it* 
we muft infer that its capacity for containing heat is increafeel> 
and hence moifi: air is more difficultly heated or cooled than dry 
air of the fame temperature. (For the cold proceeds from the 
ahforption and not from the expuj.fi.on of . caloric). 

The efafticity or expanfive fdrpe of pure vapour has been exa- 
amined at every fifth degree of Reaumur above o to i ro°. by Mr. 
Betancourt, and may be feen. in an excellent work of Prony's, 
his Architefture Hydrautiquc, he has by a moft ingenious cal- 
culation interpolated the expanfions anfwering to the interme- 
diate degrees. But Mr. Schmidt feems to have determined this 
expanfive force ftill more exactly than Betanpourt,. Hence; I -here 
infert his table, adding Fahrenheit's for Reaumur ? s degrees, and 
difiitiguifhing the expanfions interpolated by calculation from thofe 
actually obferved by I. The forces are meafured by the elevation 
of a mercurial column in inches and hundreds of a French inch.* 

Reaumur. 

♦The Paris cubic inch =1,21 Englifh, Now the Englifh cubic jnchof mercury 
when its fpecific gravity is 13,6 weighs 3443,2 / Englifh grains, therefore the Paris 
inch weighs 4186 Englifli grains, and T * -of this .Inch == 418,6 grs: and T £u of this 
inch 41,86 grains. 
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Reaumur, 
i 

2 

3 

4 

5 
6 

7 

8 

9 

10 

ii 
U 
13 
H 
'5 
16 

18 
19 

20 



Fahrenheit. 



3+ P >*5 

3 6 »5 

38.7S 

4»» 

43,25 

45.5 

47,75 

J°» 

5*»*5 

54»5 

5^.75 

59, 

61,25 

63»5 

65,75 

68, 

70,25 
72»S 
74» 75 
77. 



Expanfive Force. 



,01 / 

,03/ 
,05/ 
,07 / 
,n 
.'S 
,ln I 
,20 / 

,28 

•34 -f 
,38 

>44 
,50/ 

.55 

,61 

,69/ 

,76 

,84/ 

,9° 



Reaumur. 



21 
22 

23 

24 

35 

26 

»7 

Jf 

29 

3° 
3 1 
3* 
33 
34 
35 
36 
37 
38 
39 
40 
80 



Fahrenheit. 

79»,2S 
8, , S 

83.75 

86, 

88,25 

9°>5 

»*.7S 

95. 

97,25 

99.5 
101,75 
'04, 
106,25 
io8,y 
uo,75 

"3> 
"5.*5 
"7,5 
"9>75 

121, 
212, 



Expanfive Force. 

1.01 / 

1,01 

i,igl 
1,29/ 

i,3° 

1,38/ 

1,41 

l/u> / 
I, Ho/ 

i.93 

1.02 / 
j, 12 1 
2,23 
2,40/ 
2,68 
2,80/ 
3> 2 ° 

3>4° 
3.64 

28, 

Note. 
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Nbte.—i°. Moft of the interpolations from the 88th degree 
to the 122nd 'I have myfelf inferted as thofe calculated by 
Schmidt erred too widely by his own account. 4 Gren PhyC 
Jour. 273. 

ado. Mr. I'ictp.t has nlfo made a fct of curious experiments on 
the clafticity of pure vapour in low temperatures. Ejfais de 
Phyftque p. 157. He found that a grain of warm water in vacuo 
evaporates in forty minutes in the temperature of 38 p Fahr. under 
a receiver containing 1452 Englifh cubic inches,* but that it did 
not diffufe itfelf equally in lefs than fix hours, and then raifed the 
hygrometer from 17 to 60? that is 43 , and during this whole 
time the cold under the receiver was conftantly decreafing, though 
flowly, which decrcafe undoubtedly contributed to the diffufion 
of the vapour. 

Mr. Schmidt has alfo made a feries of experiments upon the 
dilatibility of air, made as dry as poffible by expofure to hot tar- 
tarin, an object of great importance, that had never before been 
examined. This table I here infert, converting Reaumur's de- 
grees into thofe of Fahr. and adding from his formula the degrees 
Jie omitted. 

Expanjkn 
*Ibid. page pi. 
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Expanfioru of dry air. 



Reaumur. 



12 



16 



20 



Fahr. 



34°»*5 

36,5 

38.75, 

4i» 

43»*5 

45>5 

47.75 

5°, 

5*>»5 

54»5 

5^,75 

59» 

61,25 

63.5 

65»75 

68,, 

70,*5 
7*»5 

74»75 
77. 



Expanfion of one 
Inch at 32". 


Reaumur. 


,0044675; 




,0089350. 




,0134025 




,0178700 


24 


,0223375 




,0268050 
,0312726 ' 






.035740 


28 


,0402075 




,0446750 




,0491425 




,0536100 


3* 


,0580775 




,0625450 




,0670125; 




,0714800 


36 


.0759475 




,0804150 




,0848825 




,0893500 


40 




'< 



Fahr. 


Expanfions of one 
Inch at 32 p . 


79*»*5 


^.938175 


81,5 


,0982850 


83,75 


,1027525 


86, 


,1072200 


88,25 


,11116875 


90.5 


,1116155 


9*»7S 


,1206225 


95. 


,1250909 


97.^5 


."95557" 


99»5 


,1340250 


101,75 


,1384925 


104,, 


,1429600 


106,25 


.'474*75 


108*5 


,1518950- 


110,75 


.1563625 


"3. 


,1608300 


i»5S»S 


,1652975 


"7.5 


,1697650 


»»9>75 


,1742825; 


122, 


,1787000 


214,. 


,3574000 




Note. 
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Note.-— 1 . Hence we fee that iooo inches or meafures of dry air 
at 33$ would become ioo4i4675 at 34,25 Fahr. and at 508 
would become 1017,87. Hence 1000 meafures of dry air gain 
1,985555 &c. by each degree of Fahr. above 32 (or more compen- 
dioufly 1,9856 which is true to two decimal places) or nearly two. 

2do. We fee the fource of the difcordant refults of D'Amontoms, 
De Luc, Lambert, Schuckburg, Roy, Bertholiet, and Monge, &c. for 
they all operated upon air more impregnated with various degrees 
of moifture; befides taking the boiling point at different barom- 
trical heights; in the prefent experiments it was taken at 29,841 
Englifh inches. 

310. It appears that the expanfions are as the differences of heat 
above 32? as D'Amontons, Lambert and Schuckburg alfo noticed, 
though their experiments, not being made on perfectly dry air, could 
not be very exact. 

The dilatation of the moifture contained in air has been feparately 
examined by Mr. Schmidt, and he has fhevvn how frcm it the 
volume of air faturated with moifture, faturated I fay at every degree 
of Reaumur, may be difcovered j the refult of his experiments appear 
.in the .following table of the volume which 1000 meafures at 32* 

of 
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of air would acquire if fattirated with moiflure at each degree of 
Reaumur above 3a expreffed on Fahrenheits fcale.* 



Reaumur. 



io 



1* 



'5 

16 



Fahr. 



34V5 



36.5 

38,75 

4«» 

43>*5 

45>5 

47»7S 

50, 

5*»*5 

54^5 
56»75 
59, 
61,25 

63»5 

65,75 
68, 
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Expanfive Force. 


Reaumur. 


Fahr. 


Expanfiye Force. 


1010,56 




70,25 


1122,68 


1010,78 




72,5 


"3*>2S 


1016,45 




,74,75 


1 '42,53 


I022,ZI 


20 


77, 


1152,83 


1028,58 




79.25 


1164,02 


'034,97 


■ 


61,5 


™7$»*3 


1040,41 




83,7S 


1 186,5 * 


1048,5* 


*4 


86, 


1198,59 


1056,26 


«5 


88,25 


1211,44 


1064,72 




90,5 


1223,65 


1071,28 | 




9*»75 


1279,62 


1078,52 


28 


95, 


1 377,09 


1087,11 




97,* 5 


1494,02 


1095,76 


30 


99,5 


1610,02 


1104,46 




>oi,75 


»7»5t49 


1115,21 


3* 


104, 


1849,96 




33 


106,25 


i9 8 3»4» 



Uu 



Note. 



*To prevent raiftakes, it mult be noted that this table is not meant to exprefs 
the dilatations of air faturated at any particular degree of heat it would acquire at 
other fuperior degrees, but only the bulk that 1000 parts dry air at 33? would acquire 
by faturation at each higher degree. 
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Nbte.—rio. Hence we fee that air faturated with moifture at 
high heats is much more expanded than dry air of the fame tem- 
perature, as De Luc and General Roy have alfo obferved, but in 
temperatures below 36°,$ dry air is more dilatable which probably 
induced Sauffure to conclude it was fo at higher temperatures. 
At 54,5 the difference is very perceptible for 1000 parts dry air at 
32 are expanded at 54°,5 that is by 22°, 5 above, the freezing point 
to 1044,67, whereas roco parts of air faturated with moifture, 
are extended to 1064,72 and in higher heats, the differences of 
expanfion are incomparably greater. 

2do Hence it is plain why moift air, fuch as that of the Weft 
Indies is much more fuffocating than dry air of the fame tempe- 
rature* For tooo cubic inches of air faturated with moifture 
at 86° of Fahr. contain nearly 76 inches of moifture which is 
ufelefs to refpiration. 

310. Thefe experiments agree with thofe of General Roy in 
which fteam was introduced at hazard, for the General found that 
from 32 to c|2 each degree gave at a mean 2,588 and confe- 
quently thefe 20 would expand 1000 inches to 1051,76^ and by 
Schmidt's experiments much more accurately made, we have 
1050,33. 

40. Schmidt 
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4o- Schmidt alfo obferved a peculiarity in the expanfion of 
moift air, previoufly noticed by Roy, for Schmidt found that the 
expanfibility of air, faturated with moifture, was fmaller than the 
expanfibility of pure vapour, until the 167th degree of , Fahr. 
but in higher degrees they conftantly approached nearer to each 
other. And the General obferved that the mean rate of expanfion, 
which from 152 to 172° of Fahr. was 12 for each degree, did 
from the 172 to the 192 increafe to 17,88 for each degree, and 
increafed ftill more after the igid to the boiling point. The 
fluggifhnefs of expanfion of air, faturated with moifture at about 
32 , was alfo noticed by the General, and he hence concludes the 
mean rate of expanfion from_ o to 32° of Fahr. to be 2,27 for 
each degree, which is fmaller than that of drier air. 

These variations of the rates of expanfibility of moift air, fa- 
turated at different temperatures, Schmidt very juftly attributes 
to the variation cf the degrees of affinity or adherence of air and 
vapour to each other at different temperatures. At 32 Fahr. it 
is very ftrong, and alfo below that degree ; and hence the ftrong 
folvent power of air, colder than the water it ads upon, remarked 
by Richman ; but if both are equally cold very little moifture 
will be taken up by the air, as already mentioned ; and hence I 
have faid that air diffolves vapour when this is in a nafcent ftate. 

U u a But 
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But in heats above 167* or 170 air and vapour are difpofed to 
feparate. 

50* Hence we may deduce the impoffibility of difcovering a 
coefficient univerfally applicable to exprefs the rate of expanfion of 
air in every, flate of moiihire, (as Tremley has well noticed. See 
2 Sanirure voy. aux Alpes 4 ). This muft vary with the mean 
flate of hygrometers above and below the heights to be meafured; 
and experiments of this kind have not yet been made. De Luc's 
coefficient anfwers tolerably well for very dry air, that is whofe 
faturability is greateft, Sir George Schuckburg's for air .much 
moifler, and General Roy's for air flill more moift, that is whofe 
faturability is fmalkft. Hence each fucceeds in certain cafes, and 
fails in others. The dilatation or contraction, which air faturated 
with moifture at any one given degree of temperature receives 
without the addition of any more moifture, at any higher or 
lower degree of temperature, has not as yet been difcovered; for 
Schmidt, who alone lias attempted it, is juftly diffident of the 
corre&nefs of the table he has given of it, and in fact it is not 
grounded on the indication of any known hygrometer, and im- 
properly fuppofes the L. degree to indicate the mean betwixt 
the loweft and faturation. Whereas the LXVth degree on Sauf- 
fure's indicates that mean-, and XCVI1I. and not C. indicates 
faturation. 

According 
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According to Mr. Watt (as ftated by De Luc, 3 Meteorology 
p. 145) the fpecific gravity of pure vapour is to that of air as 4 to 9. 
I fuppofe he compares it with air at the ufual denfity of 30 or 
29, and at fo me particular temperature which is not mentioned; 
for at high temperatures the difference mutt be much greater, as 
appears by the foregoing tables. 

Mr. Saussure, Hygrometer: p. 284, has given us the fpecific 
gravity, not indeed of pure vapour, but of vapour difTolved in 
air, with more precision, for he tells us, 1°. That a cubic foot of 
perfectly dry air has its volume- augmented by -jj when faturated 
with ten grains of moifture at about 65 Fahr. of heat, and ba- 
rometer 28,77 inches (Engliih). 

2do. That a cubic foot of pure or perfectly dry air of that den- 
fity and at that temperature weighs 751 grains (French), and after 
diiTblving 10 grains of moifture, by which it is dilated T *4» this 
new volume weighs 751 4. 10 =. 76 1 grains; but a cubic foot of 
pure air augmented by an acceffion of jl. of its bulk of pure air 
would weigh 751 4- y^ 751 =765 grains, that is 14 grains more. 
Hence he infers that in this cafe the fpecific gravity of the dif- 
folved moifture is to that of dry air as 10 to 14, for -^ of a cubic 
foot in the one cafe weighs 10 grains, and in the other 14 grains 
nearly. 

But 
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But I ftrongly fufpecT: that the original experiment, on which 
this calculation is founded, is erroneous, chiefly by reafon of the 
flrong adherence of moifture to cold glafs, as will hereafter be 
feen in treating of dew. From Schmidt's experiments, it may 
be inferred, that thefpecific gravity of vapour diffolved in air at 
this temperature is much lower withrefpecl to that of pure air 
than SaufTure has ftated, for he tells us that about 1066 meafures of 
dry air in temperature 65 ° would, if faturated with moifture at that 
temperature, occupy the fpace of about moo meafures, and confe- 
quently receive an augmentation amounting to about' T ' T of their 
bulk ; now, transferring this ratio to the cubic foot in SaufTure's 
experiment, it appears that T " T of a cubic foot thus added to the 
cubic foot of dry air weighs 10 grains ,, but a cubic foot of dry 
air, augmented by an accefllon of T '_ of fimilar air, would weigh 
75 l + 2 3>4-6 grains, which approaches nearly to Mr. Watt's ratio, 
therefore the fpeciflc gravity of vapour diffolved in air at this 
temperature is to that of perfedly dry air as 10 to 23,5 nearly. 
It fhould however be recollected that Mr. Sauffure found that a 
cubic foot of dry air in reality took up 11,069 grains of moifture 
when faturated at this temperature, and that it was only by wav 
of conceflion to thofe againft whom he argued, that he ftated the 
weight taken up at 10 grains; then we fhould have of 11,069 to 
2-1,195, or in round numbers as 11 to 2l or 10 to 19. And it 
fhould farther be remarked, that the temperature is given very 

loofelv, 
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ItAifo!/, for it i.; Hated to be from 14 to 1$ or 16 decrees of Rem- 
nuir. See Hygro'n'itr. p. 104 and 284. 

S.iL'-SL T ;i:. has given us a table, by the help of which the ab~ 
folulc quantity of vapour at any barometrical height, in a cubic 
foot of air being known, the proportion and ahfolute quantity ia 
a cubic foot, at another barometrical height 3,6 inches lower, may 
be known from the mercurial height 28,77 to that of three inches 
and one-half, nearly. 

This table I here give, adapting it to our nic.ifutcs. 



Thus fuppofing the abfolutc quanti'y of 
diffolved vapour at any temperature, and 
barometer 28,77 t° De IO grains per cubic 
foot, then the quantity of vapour at a 
height at which a barometer would ftand 
at 25,17 inches, would be 10 x 0,9528 = 9,528 
and at the height at which a barometer 
would (land at feven inches, the quantity in 
a cubic foot would be only 10 x 56230 = 6,23. 
But ftill it is fuppofed that at thofe great 
heights, at which barometers would ftand fo 

low, that the air is of the fame temperature as the original expe- 
riment 



Barometer. 


Ratio. 


28,77 


1,0000 


*5>>7 


0,9328 


*«>57 


0,8899 


»7»97 


0,8264 


14.37 


0,7629 


10,77 


0,6887 


7»'7 


0,6230 


3.S7 


0,4311 
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riment is made at, namely in this cafe, as it is found at baro- 
meter 28,77 inches ; but fince in reality air at great heights is ge- 
nerally much colder than below, to afcertain the real proportion 
of vapour at thofe heights it will be neceffary to find the quan- 
tity of vapour which a cubic foot of air is capable of holding at 
that temperature barometer 18,77, and the ratio which the quan- 
tity or weight of vapour actually found bears to the complement 
at that temperature. Then, 2do. to find the complement of a 
cubic foot of air at the temperature which prevails at the given 
barometrical height, and diminifh it in the fame ratio in which it 
was found diminished below, and finally diminifh it flill farther 
in the ratio which that barometrical height demands. An exam- 
ple will fully explain this rule. 

Thus Sauflurc found, barometer 28,77 and thermometer 82 of 
Fahr. a cubic foot of air contained about 10 grains of moifture 
at Geneva. Now the complement of 8 z Q is nearly 15 grains, 
and the ratio of 10 to 15 is £. Then at Mount Blanc, on the 
fame hour, the barometer flood at 16 and the thermometer at 
26°,8 ; the complement of a cubic foot of air at this temperature 
is 5,3 grains, which diminifhed in the ratio of 2 to 3 becomes 3,5, 
and this, farther diminifhed by the ratio which the barometrical 
height of 16 inches demands, namely ,78 = 3,5 x ^78 — 2,7 
grains, by obfervation it was found to be 1,7; the difference is 

only 
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only one grain. Voy aux Alpes, § 2007. How -the temperature 
which prevails at thofe great heights may be found, will be fhewn 
in the fequel. 

The celebrated Lambert, of Berlin, Mem. Berlin, 1772, has 
alfo given an eftimate of the proportion of vapour which prevails 
in the atmofphere at different barometrical heights, deduced from 
calculations founded on many fi&ions, fuch as that of an homo- 
geneous atmofphere, of pure air diftinft from commcn air, and an 
erroneous fyftem of the afcent of heat ; yet as it is much eafier in 
its application and in the inftance juft quoted, approaches very near 
the truth, I have calculated the refults of his fyftem, which is no- 
thing more than that the quantity of vapour at different barometrical 
heights above the earth is in the ratios of the fquares of thofe 
heights. By an homogeneous atmofphere it is probable he meant 
fuch a ftate of the atmofphere as prevails in ferene unclouded 
weather, and it is certainly only in fuch an atmofphere that any 
calculation can be inftituted. 
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Table of the Ratios of the Quantities of Vapour at different barome* 
metrical Heights, the Quantity at the Surface of the Earth being 
given. 



Darometer. 


Ratio of 
Vapour. 


Barometer. 


Ratio of 
Vapour. 


Barometer. 


Ratio of 
Vapour. 


3°. 


900 


24, 


576 


12 


144 


*9>5 


870 


*3> 


5*9 


11 


121 


*9> 


841 


22 


484 


10 


100 


**,$ 


812 


21 


441 


9 


81 


28, 


784 


20 


400 


8 


<J 4 


*7»5 


756 


'9 


361 


7 


49 


*7. 


719 


18 


3*4 


6 


3<5 


26,5 


702 


«7 


289 


5 


*5 


26, 


676 


16 


256 


4 


16 


*5>5 


650 


15 


225 


3 


9 


*5> 


625 


H 


.96 


2 


4 


U>S 


600 


'3 


169 


1 


1 



Thus in the example laft quoted, the quantity of vapour in a 
cubic foot at Geneva being 10 grains, barometer 28,77, the 

quantity 
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quantity on Mount Blanc, barometer 16, fhould be ,309, for as 
827,7 (= "^77* )isto256(= i6 2 ) fo is 10 to 0,309, which 
differs from the truth by only 0*391 °f a g ram - 

As vapours unite to air, partly through the agency of heat, 
and partly through that of affinity and of eledricity, fo they fe- 
parate from it, fometimes from a diminution of that degree of heat 
which they poffeffed in their nafcent ftate, fometimes from a di- 
minution of affinity, and fometimes from an alteration in their 
electrical ftate. 

In their firft degree of coalefcence when feparated from air, they 
form aggregates of exceeding minute particles, feparated from air 
by the diminution of affinity, and alfo from each other by elec- 
trical atmofpheresj thefe aggregates are of equal, and often lower, 
fpecific gravity, than the air in which they are formed, and yet 
are vifible by reafon of their opacity ; when near the earth they 
are called jbggs, mifis or haze, (which differ only in denfity) and 
when at greater heights, clouds. 

Vapours iffuing from water or moifture warmer than the air 
to which they unite, are foon cooled by it and thence in great 
meafure difmiffed ; hence the morning mifts obferved in fummer 
and the winter mills of the colder regions j evening mifts on the 

X x 2 contrary 
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contrary proceed from the fuperfaturation of air with vapours 
previously diflblved, arifing from the fupervening decreafed tem- 
perature. The inferior ftrata of the atmofphere are fcarce ever 
fuperfaturated by vapours arifing from water or moifture warmer 
than the air into which they afbend ; for before the point of fatu- 
ration can be attained, their affinity to the portion of air to which 
they are united is weakened, and thence exceeded by the unin- 
cumbered affinity of the fuperior ftrata, and this happens fuc- 
cefllvely on to the higher regions ; but with diminished activity, by 
reafon of the diminished denfity of the higher ftrata, until their 
ulterior progrefs is checked by Saturation ; but as they are ftill 
continually recruited from below, their quantity is at laft fo far 
increafed that they coalefee into clouds. Here the procefs re- 
commences, f or from the Surface of thefe clouds a frefh evaporation 
often takes place, which, after fome progrefs, is again checked 
in its turn, and clouds are formed at a fuperior height ; thefe 
again give room to a further evaporation, and a new ftage of clouds 
is formed, until the procefs is at laft arrefted by the intenfe cold 
of the fuperior regions. But the mere cold of congelation is not 
fufficient to arreft it, for Bouguer informs us that clouds are 
formed 2500 feet above the lower line of congelation, and that 
ice itfelf evaporates, though cooled, feveral degrees below the 
freezing point, is well known. The diftance of the particles, 
both of air and vapour, from each other, when fo far rarefied as 

they 
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they rauft be in the fuperior regions of the atmofphere prevent* 
their coalefcence in any but the extreme degrees of cold. 

Hence we fee that in the warmer latitudes and feafons, various 
ftrata of clouds may be formed one above the other} Mufchen- 
broock attefts, that even in Holland, in Auguft 1748, he diftinclly 
difcerned three. Thefe diftind ftrata, variously electrified and 
otherwise circumftanced, give occafion to various phaenomena, the 
detail of which would here be mifplaced. 

The clouds which commonly crown the fummits even of low 
mountains, and often announce rain,, are caufed by the near ap- 
proach to faturation at thofe elevations, and its a&ual attainment 
through the evaporation from thofe fummits. But the fummits 
of the loftieft mountains ever crowned with fnow, are generally 
fhrouded in clouds from the cold they impart to the air in contact 
with them, and the lofs of ele&ricity conducted away from the 
vapours contained in that air, by the mountain. 

The heights at which the loweft clouds are formed are various 
in various latitudes and feafons ; greater in the warmer and fmaller 
in the colder. In latitude 54 in Cumberland, Mr. Crofthwaite 
obferved none lower than 2700 feet, and none higher than 3150 

in 
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in the courfe of feveral years*. But this country being moun- 
tainous they are probably lower than in others under the fame 
parallel. Lambert, in Berlin, latitude 5a . 32', in the month of 
July 1773, found their height 7792 feet, thermometer 65 , and 
the barometer fomewhat below its mean heightf. Schuckburg 
alfo remarks, that clouds frequently reft below the fummit of 
Salevcy whofc height is 2831 feet. Phil. Tranf. 1777, p. 538, and 
Gentil at Pondicherry, latitude 12?, obferved fome at the height 
of 10240 feet. 2 Voy. p. 79. 

The weight of clouds, Sauflureeftimates at one-third or one- 
fourth of that of the cubic foot of air in which they fubfift. Hy- 
grometer, p. 270. When the barometer rifes, clouds are partly 
diffolved, as denfe air is a better folvent than rarer air, and 
partly rife higher in confequence of the incrcafed fpecific gravity 
of the inferior air 5 when the barometer falls the contrary takes 
place. 



CHAP. 



* D' Alton's Meteorological Obfervations, p. 41. 
f Mem. Berlin, 1773, p. 44. 
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CHAP. lit. 

Qf the Temperature of the Atmofphere.. 

Section I. 

Of the Temperature of the Summer Months. 

That the heat of the atmofphere is derived, not from the im- 
mediate a&ion of the folar rays that traverfe it, but from the 
warmer and more folid bodies with which it is or has been in 
eontad, is a fadt which at prefent can admit of no difpute. I 
have fufpended a thermometer and a feather about an inch over 
the focus of a moft powerful burning lens, without producing the 
flighteft increafe of heat in the one or of motion in the other. 
Hence it is plain the ak was no way affe&ed by it. That the 
heat communicated t,o the atmofphere is in general gradually di- 
minished in fome proportion during its progrefs upwards, at leaft 
in fummer, is alfo a fad fufRciently afcertained by the teftimony 
of thofe who have afcended to great heights, either on mountains 
or in baloons. But the ratio in which heat is diminifhed in its 
progrefs upwards, has been variously ftated, and the means by 
which this diminution is effected, appear to me to have been in- 
correctly determined. 

Euler 
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Eulf.r fuppofed heat to decreafe during its afcent in air in an 
harmonic progreflion ; but this opinion has been long abandoned. 
Lambert, in the Mem. of Berlin for , fixes the r^tio of this 

decreafe to be that of 17 to 12; but this affertion is lefuted by 
SaufTnrc, Voy. aux Alpes, §929, and is indeed incompatible with 
the rcfulls of experiments made at different heights, mcafurcd 
barometrically. Sauffurc, Voy. aux A! pes, § 2051, thinks that 
in latitudes from 45^ to 47 P , heat decreafes during its afcent 
2^,25, or more correctly 2°,23 Fahr.* degrees for every 640 Englifh 
feet, during the fummer months, from the level of the fea to the 
fummits of the higheft mountains, and confequently one degree 
of Fahr. for each 287 feet of height. Yet this determination, 
though limited within fuch narrow bounds, is not always juft, 
even within thofe bounds, an.l frequently errs very widely, at 
lea ft when the diminution of heat is computed, not from the 
level of the fea, which frequently cannot be known, but from that 
of adjacent plains, to the fummits of mountains. According to 
this rule, the diminution is conftant and invariable, let the heat 
below be ever fo different, as the diminution is proportioned to 
the height only, which does not vary. But numerous obfervations 
attefr. the diminution of heat to vary aim oft every ddy and hour, 
thus Schuckburg found the diminution of heat on Mount Saleve 

on 

* The boiling point of water being taken at Geneva when the barometer was at 

28,77. 
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on one day 9 , on another 8 Q ,9, on another io Q ,5 ; whereas, 
calculating from the above rule, it fhould always be 9 e ,9; fo on 
the Mole he found the diminutions of heat on different days 
7°» 5°»8> -6 P >6, 7°,9 ; whereas, by the above rule, it fhould be 
14°, 8 every day. Here the error amounts to the double, or 
more. 

To attain a clofer approximation, we mud refort to fome fixed 
point above, whofe temperature is known, and fo diftant, that 
its variations, if it undergoes any, fhould, with refpeft to that 
diftance, be inconfiderable ; then, this diftance being known, and 
having another fixed point below, namely, the degree of heat 
obferved, and framing a fet of equi-diftant intermediate terms, we 
have the neceffary elements of a decreasing arithmetical progreffion, 
which all obfervations concur in eftabiifhing as that obferved by 
heat in its progrefs upwards, during the fummer months, and in 
ferene weather. 

The fixed point in the fuperior region of the atmofphere to 
which I here allude is the height of the upper term of congelation. 
This, as well as the lower term of congelation, was firft announced 
by Bouguer, fo long ago as Ann. 1749, though no ufe has fince 
been made of either in meteorological enquiries. 

Vol. VIII. Y y The 
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The upper term of congelation is that above which no vifibU 
vapour afcends, and its temperature is conftantly at leaft 32° of 
Fahr. Bouguer has ventured to lay down its height over the 
faowy mountains of Peru under the equator, but it is highly 
probable that over the fca, and efpecially over land much heated, 
its height is flill greater within the fame latitudes, fince its height 
is proportioned to. the intenfity of the heat below. And hence, 
between fun-fet and fun-rife, if the. heat below be much diminifh- 
ed, it muft defcend in proportion to the diminution. Bouguer 
has determined its height only in a fingle inftance, but its impor- 
tance has induced me to inveftigate the variations of. this height in 
all latitudes above latitude 5 . The principles which I employed 
in this investigation may be feen in the Eftimate of the temperature 
of different latitudes, publifhcd in 1787, p. 8. Since that time I 
have corrc&cd the heights appropriated in that effay to latitude 55 , 
and every other 5 higher, in the northern hemifphere, by taking 
the inverfe ratio of the height in latitude 45 , divided by the 
fine of 30 , namely, 2.. The intervals I have filled by taking 
arithmetical means. Without the tropics, it is evident that not 
only night and day, but alfo winter and fummer, muft vary this 
height, and, in the higher latitudes, very confiderably ; hence I 
have confined this determination to the fummer months, namely, 
May, June, July, and Auguft, without the tropics. During the 
winter months, October, November, January, and February, this 

line 
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line muft frequently approach nearly to the lower line, yet they 
never coincide, or at leaft very rarely, namely, when the cold of 
the lower air is fo great that no vifible vapours are formed in it. 
In the month of April, and in part of that of O&ober, this line is 
intermediate between its height in fummer and that in winter. 
And during the whole year it muft be taken as a mean between its 
heights over the oceans and over land. 

The lower term of congelation is lituated at the height at which 
it freezes at night, though in day time, and particularly on funny 
days, it may furpafs that point by feveral degrees within the 
tropics ; though fewer without them, even in the fummer feafon. 
Thus Bouguer found the heat on the ftony fummit of Pinchinca, 
at whofe height he fixes this term, to vary 17° of Reaumur, that 
is 38 of Fahr. from fun-rife until noon. Voy. p. xxxix. 

He alfo Hates the height of this line in latitude 28 at 13240 
feet, and Sauffuire, more correctly, at about 12 170 feet ; and 1 be- 
lieve it ftill lower. 

In the latitude of the fouth of France, (that is 43 and 44 ) 
Bouguer Hates the height of this line to be about 10240 and 9600, 
but Sauflure efteems it lower, for he makes it between latitude 42 
and 43 , (that of Canigou) to be only 9290 feet*. 

Y y 2 All 

* Voy. aux Alpes, p. 374, 
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All thefe determinations muft neceffarily vary according to the 
feafons, and according as the heights are computed perpendicularly 
to fca or land, nay even according to the different fituations of 
the land and its different temperatures. 

Thus, in the German or Northern fide of Swifferland, its height 
is only 8312 feet, but on the Southern or Italian, fide, not above 
ninety miles diftant, it reaches 8952 feet*. The height of Col de 
Geant furpaffes the height fof this line, and yet the thermometer 
rofe io° Fahr. about two o'clockf, but at night it fell beneath that 
line. 

These variations render the lower line of congelation an unfit 
limit towards which the diminution of heat fhould be computed, 
and hence I fix the limit on the upper line of congelation, whofe 
variations arc, refpeclively, at leaft in fummer and ferene weather, 
much lefs confiderable. 



Table 



* Bertrand, Renouvellementdes terres, 251. 
f Saufiure Voj. § 2051. 



r 3 6r ] 

Table of the Height of the Upper Line of Congelation in the dijfei cnt 
Latitudes of the Northern Hemifphete. 



N. 
Latitude 


Feet. 


N. 
Latitude. 


Feet. 


N 
Latitude. 


Feet. 





28000 


21- 


24404 


38 


>7393 


5° 


27784 


22 


24147 


39 


1680 1 


6 


27644 


*J 


23890 


40 


16207 


7 


27504 


»4 


»3 rt JJ 


4' 


1(711 


8 


27364 


»5 


»J«»3 


«» 


15*17 


9 


27224 


26 


22906 


43 


'47" 


10 


27084 


27 


22389 


44 


14227 


ii 


26S80 


28 


21872 


45 


'373° 


12 


26676 


29 


* 1 355 


46 


'3^35 


*3 


26472 


30 


20838 


47 


12740 


»4 


26268 


3» 


20492 


48 


12245 


>5 


26061 


3* 


20146 


49 


1175a 


16 


25781 


33 


19800 


50 


11253 


»7 


25501 


34 


J 9454 


5 1 


10124 


18 


25221 


35 


19169 


5* 


8965 


'9 


24941 


36 


18577 


53 


7806 


30 


24661 


3J 


17985 


54 


6647 



N. Latitude. 
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. N. ■ 
Latitude. 


Feet. 


N. 
Latitude. 


Feet. 


N. 
Latitude. 


Feet. 


55 


5617 


67 


4616 


79 


39' * 


56 


5533 


68 


4548 


80 


3861 


57 


5439 


69 


4480 


81 


3815 


58 


5345 


70 


44«3 


8a 


3769 


59 


5251 


7' 


4354 


83 


37*3 


60 


5148 


7* 


4*95 


84 


3^77 


61 


5068 


73 


4*3 6 


85 


3631 


6a 


4989 


74 


4>77 


86 


359* 


63 


4910 


75 


41 19 


87 


3553 


64 


483' 


76 


4067. 


88 


35'4 


65 


4752 


77 


4015 


89 


3+75 


66 


4684 


78 


3963 


90 


343* 



The height of this line ia any latitude, divided by roo, gives 
the number of terms in the .arithmetical progreffion, each confin- 
ing of roo feet j and the difference of the heat below, and 32 , 
gives a dividend, which, divided by the number of terms, Iefs one, 
gives the common difference of the progreffion*; and the common 
difference, multiplied by the number of terms in the height of a 

mountain, 



* It is commonly a decimal fraction, of which the three firft Ggnificative figures 
are generally fufficient, but it is fafer to take four in fome cafes. 
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mountain, or. other height fought, gives the diminution of heat at 
that height; and this diminution fubftra&ed from the heat below, 
gives the degree of heat that obtains at the propofed height. 

EXAMPL E. 

In latitude 56°^ 30, the heat below being 54°, it is required to 
know the diminution, and the degree of heat that prevails at the 
height of 1 364 feet ? 

Here the latitude being intermediate between latitude ^6° and 
57 p , the height of the upper line of congelation is the mean be- 
tween 5533 and 5439 — 5486 feet, then the divifor is 53,86 terms, 

and the dividend is 54? — 32° = 22, and f^2?2?2_ =,408, the 

common difference. . Now 0,408 x 1 3,^4 = 5,5 the diminution, and 
54_ 5,5 = 48°, 5, the degree of heat which prevails above; which 
i3 exa&ly that obferved by General Roy at thefummit of Knock- 
farle in Scotland. Phil. Tranf. 1777, the heat below being ,54°, 
and the height 1364 feet. f 

In this manner I have calculated the heats at various heights in 
various latitudes, the degrees below being given, the refults both 
by obfervation and calculation may be feen in the annexed table. 

Table 
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Table of the Heats obferved and calculated on fundry Mountains. 





Heights. 


Heat 


Difference 




Latitude 


Below. 


Above by 
Obfervation. 


Above by 
Calculation. 


Authors. 





rincliinca 
•$$6+ 


«r»75 


»9%7S 


3°'.5 


o*,75 


Bouguer. 


38° 


Etna 
10954 


73.25 


40,08 


47>* 


6,4 


Sauflure, Voy. 941 . 


46° 


Saleve 
2831 


73. 


64» 


64,16 


0,16 


1 Schuck. Phil. Tran. 
3 '777. P- 53°- 


46° 


Mole 
421 1 


63.9 


56. 


53.7 


2.3 


Schuckburgh. 


46* 


Col de Grant 
11273 


3 1. 


4 US 


4*.S 


1,0 


Sauflure, § 203;. 


46° 


Mt. Blanc 
14624 

Snowden 
5555 


82,8 


26,82 


16,44 


0,38 


Sauflure, § 2003, p 307 


Si° 


4o, 


4T.7S 


47.i 


0,65 


1 Roy, Phil. Trans. 
1 '777. P- 779- 


53° 


M«el Efio 


62,5 


5i. 


5»»3 


°,3 


Roy, ibid. 


56? 


Arthur's Sea f 

near Edinburgh 

803 

— 


54. 


s°.s 


5°. 


o.5 


Roy, ibid, p. 777. 



56° 
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Heights. 




Heat 




Difference 




Latitude. 


Below. 


Above by 

Obfervation. 

47V5 


Above by 
Calculation. 


Authors. 


5«° 


Kirk Yetton 
Cairn 
»544 


54°»5 


48°,3 


i°,oS 


1 Roy, Phil. Trans. 
) »777>P-777 


56°>3°' 


Schihallien 
3281 


56, 


5> 


4 '.4 


3.6 


Roy, ibid. 


j6°,3o' 


Bolfrack 
1076 


60, 


S r '.7J 
48,5 


54.S 


*. J S 


Roy, ibid. 


5<5°>3«' 


Knockfarle 
'364 


54. 


4«.y 


0, 


Roy, itud. 


56°,3°' 


Glenmore 
1279 


55> 


5'.5 


49,6 


'.9 


Roy, ibid. 


56° 


Tinto 
1642 


58. 


5'» 


5°.3 


o.7 
L5 


Roy, ibid. 


46 


Dole 
4810 


78,25 

49»»5 
50. 


6*. 


63.44 


Roy, ibid, 783 & 736. 


5i°,3i' 


Kew Pagoda 
116 


49.25 


49.05 


0,2 


Roy, ibid, 773. 


8o° 


Hacklyyt Hill 
•5°3 


42, 


43. 


I> 


Phips' Voy. 



Vol. VIII. 
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Hejie are eighteen calculations of heat at different heights,, 
under different latitudes j among which only two differ re- 
markably from the heats actually obferved at thofe heights, 
and thefe I am inclined to attribute to an error in the obfer- 
vations, for the heats above and below cannot both be noted by 
the accurate philofophers who meafure the heights of mountains. 
The errors, if any are committed, in noting the degrees of 
Reaumur, are much more confiderable than thofe that can be 
committed in taking thofe of Fahrenheit. 

The near agreement of the calculated and obferved heat on 
the fummit of Mount Blanc is very remarkable, as the height 
of this mountain furpsfies that of the upper line of congelation, 
and is the only known height that doesfo; that it furpafles 
the upper line of congelation is evident from SaufFure's ac- 
count] for he tells us that the air was fo free from vapour on 
this fummit , that in a fhaded fpot he could fee the Cars by day, 
and the temperature even in day time was far below 32 ; the 
fnow that nevethelefs repofed on its fummit might for the mofl 
part have been drifted on it by the furious winds that rage in 
winter. Thus Dr. Villars found thirty beds of earth inter- 
poled between thofe of frozen fnow on the Glaciers of Swiffer- 
land. 22 Rozier, p. 475. This earth or duft was wafted up in 
the months of July and Auguft during thirty fuccemve years. 

The 
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The clouds that frequently inveft its fummit originate from 
vapours condenfed by the abforption of ele&ricity by the moun- 
tain. It is alfo highly remarkable that the common difference of 
the progreflion fhould fuit terms beyond the laft, by the means of 
which it was found. It would therefore feem that the common 
difference thus found takes place at much fuperior heights. 

The fmaller differences between the degrees of heat calculated, 
and thofe obferved, may well be attributed to local circumftances ; 
below, in fome fituations of fmall extent, reflected heat often occurs ; 
above if the fummit be graffy the heat is diminifhed in fome de- 
gree by evaporation ; if ftony but narrow, the genuine heat is 
little affected; but if broad, as the ftony fummit of Pinchincaj a 
confiderable degree of heat may arife from reflection, on funny 
days. Darker days feem more favourable to detecting the true 
heat appropriated to the height. 

Notwithstanding the imperfedions incident to obfervations 
on mountains, yet thefe are upon the whole much lefs exception- 
able than thofe that hitherto have been taken in balloons, of which 
the height is feldom determined with fuflicient precifion ; befides 
fimultaneous obfervations of the temperatures above and below 
rarely occur, and on funny days the heat reflected by balloons 
caufes confiderable errors. 

Zz 2 Lastly, 
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Lastly, it mould be noticed that the horizontal diftance be- 
tween the places of obfervation fhould" not exceed eight or ten 
miles. 

By means of this progreffion fevcral curious queftions may be 
rcfolvcd, the latitudes being given. 

Let H denote the heat below, h the heat above, D the di- 
minution, d the common difference or rate of the progreffion, 
n the number of terms in the propofed or fought for height,, 
which multiplied by 100 gives the height truly, to lefs than 
20 feet. 

L the height of the upper line of congelation, in the given 
Latitude. 

Then i° d——~- — 2do. D = d n. 3io. n— — 4°. H = ^-[-D 
L — 1 d 

5° b = H— D. 6°L = (!*33i-+ i) x ioo. 

d 

Thus i°. the heat below being given in latitude 56°,3o' to 
find the rate of its progreffion upwards ? Suppofe the heat below 

?4°, then by the firft formula 54~"3 = Z = ,408 ; then 

b y 54,86-1 53,86 

it is diminifhed ,408 of a degree in every hundred feet of its 

progrefs upwards. 

Thus 
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Thus in the firfl: hundred feet it becomes 54 — 408 = $3°,$92. 
And at 200 feet it becomes 54°— ,408 x 2, &c. 

2do. The rate of diminution being known, fuppofe ,408 to 
find its amount at a given height; fuppofe 1364 feet? By the 
fecond formula we have 0,408 X 13,64 =$° t $. 

3io. The diminution of heat being known, fuppofe 5°,5, and 
alfo its rate, fuppofe 0,408, to find the height at which this 
diminution takes place? By the third formula we have 

— — - = 13,48 which x 100 = 134S feet, which wants but 1 c feet 
0,408 ° 

of the truth. 

Hence we fee that heights may often be meafured by thermo- 
metors only with tolerable accuracy. 

4.0. The heat above,, fuppofe 48°,5, and its diminution, fuppofe 
5°,5 being given, to find the-heat below} By the fourth formula 

5 . So alfo the heat be/ow, and the diminution above, being 
known, the heat above may be found by the fifth formula as is 
evident. Thus 54 (in the laft example) — 5,5 = 48,5. 

6°. The 



[ 370 ] 

6°. The heat bc/ow and the rate of progreflion being known, 
the height of the line of congelation may be found by the fixth 

formula. Thus in the example ilZ~32 , x _ — » + I = 

40840 40846 

53,86 + 1 =54,86 x 100 = 5486. 

Note. — That the heat below and the heat above, being given, if 
the difference includes no fraction, and if the height alfo be 
known, the rate or common difference may be found by di- 
viding the difference of heats above and below, by the height or 

TT L 

d — — n being expreffed in the terms of the progreflion. 

« 

Thus the height of Tinto being 1642 feet it mould be expreffed 
16,42. 

Some have thought that heat is conveyed upwards by the gra- 
dual afcent of the lower flrata of air which firft receive the in- 
creafe of heat, but that this cannot happen will be fhewn in the 
fequel. 

In ferene weather, whatever variations may occur in the tempe- 
ratures below, the differences between them and the heats above 
are as nearly the fame as can be expe&ed, when due allowances 
are made, for the imperfection of thermometers on which frac- 
tions 
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rions of degrees are often had only by eflimation, and alfo for 
local circumftances. — A full proof that heat afcends in an arithr 
nietical progreffion. 

Thus in the three ieries of obfervations on the temperatures 
at the top and bottom of Mount Saleve, the difference in the firft 
was 8°, 9 r in the fecond 9 , in the third io°, 5, here the greateft 
deviation is i. Q ,5. 

An d in the fixth feries at the Mole the differences were, in the 
firft 7°,t, in the fecond 5°,8, in the third 7 , in the fourth 7 9, 
in the fifth 7 , in the fixth 6°,6. Here two circumftances deferve 
attention; firft, that in the fecond, third and fourth feries the 
heat above was conftant, namely 5 6°, while the heat below 
varied from 6i°,8 to 63°'9. This may be attrbuted to a brilk 
wind, from the glaciers which reigned above, while the lower 
flank of the hill was fheltered. The fecond is, that the difference 
between the heat abvoe and the heat below, with refpect to. 
Mount Saleve was 9 , and yet betwixt the top and bottom of the 
Mole it was at moft only 7° 9 though the height of Mount Saleve 
was only 2831 feet and that of the Mole was 4212. This mult 
certainly proceed from the intervention of fome contingent caiife,. 
the general difference may therefore be often better determined 
by calculation than by aclual obfervation. 
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In a given latitude, the rate of diminution at equal heights, is 
greater when the temperature below is high, than when it is low; 
for while the divifor (viz. the height of the line of congelation) 
remains unaltered in all temperatures, the dividend (viz. the 
difference betwixt the heat below and 32 ) is fo much the 
greater as the temperature is higher, and confequently the 
rate or quotient muft be higher. SaufTure alfo noticed this 
difference of the rate of diminution in high and low tem- 
peratures; for he tells us that in winter the rate of diminution 
is but -1 of that which it amounts to in fummer. Voy. §' 205 r. 
And between the tropics -heat rifes much more rapidly than in 
the higher latitudes, as Dr. Caffan obferved, 36 Roz. Jour. p. 265. 
See alfo Mr. Six's observations in the Phil. Tranf. 1788, p. 105. 
And hence the difference betwixt the temperature of mountains 
and of plains is not fo -great in winter as in fummer. Nay in 
winter the temperature at great heights is often warmer than on 
plains, as will prefently be fhewn. 

We owe to Mr. Pictet fome new and curious experiments on 
the progrefs of heat at low heights; that is between 5 and 75 
feet. He found that a thermometer, fufpended about five feet 
over the earth, generally increafed in heat more rapidly than a 
thermometer placed 75 feet over the earth ; fo that on the hotteil 
hour of the day, the lower was often about 4,5 degrees warmer 
than the upper thermometer. This (hews that the increafe of 
heat below is quicker than its communication upwards. However 

towards 
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towards fun-fet both thermometers approach to an equality. This 
(hews that the higher thermometer at 75 feet communicates its 
heat upwards ftill more flowly than the lower communicates its 
heat to it ; which proves that the higher heat afcends, the more 
flowly it is propagated to ftill fuperipr heights. This explains the 
conftancy of the heat at the fummit of the mole while the heat 
below increafed as already mentioned. But after fun-fet the lower 
therthometer cools quicker than the upper, and towards the end 
of twilight is often about four degrees colder, notwithftanding 
that the earth a little below its furface is much warmer. The 
cold which thus affeds the lower thermometer is evidently caufed 
by evaporation ; this excefs of heat of the upper over the lower 
thermometer lafts the whole night, and until two hours after fun- 
rife, when, notwithftanding the evaporation, the earth is more 
heated by the fun's rays than it is cooled by evaporation, and fo 
alfo is the thermometer fufpended five feet over it, and thus -ac- 
cumulates heat fafter than it can reach the upper thermometer, 
until after the hotteft hour of the day, as already mentioned. 

These obfervations happily point out the hours of the day 
moft proper for difcovering the mean temperature of the atmof- 
phere, a matter of great importance in barometrical menfuration. 
It is evident that the hour of fun-rife (or before fun-rife) is an 
improper time, fince the heat at the height of 75 feet is fome 
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degrees higher than that at five feet above ;!-c fVcfsce of the 
earth ; contrary to the grounds of calculation. Nor h the Lotteft 
hour of the day the fitteft time, fince the heat is ab"we all pro- 
portion fome degrees greater than at the height of 75 feet. The 
propcreft times arc therefore the mean hours between fun-rife 
and the hottcft hour of the day*, and between this and fun-fet. 
FJfais d s Phys. §131, &c. 

However, fuch confiderable difparities occur only in calm, 
clear and ferene weather; on cloudy days, when the fun does not 
appear, they vanifh. Ibid. § 135. 

Whenever a fog or mid appears in any ftratum of air, it com- 
municates about a degree, or half a degree, of heat to the ftratum 
in which it is found. Ibid. § 142. A circumftance that deferves 
notice in cftimating the mean temperature of the atmofphere. 
Mr. James Six, of Canterbury, made a number, of obfervations on 
the temperatures fix or nine feet above the. earth ; and alfo on 
that which prevailed 220 feet above it; and his refults were in 
general analogous to thofe previously obtained by Pidet. But the 
temperatures of whole days, or of days and nights only, were 
noticed, and aot the fimultaneous differences at different heights; 

hefides 

* Thia I have, added. 
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befides the heats below appeared to have been influenced by re- 
flection, and the heat above by contact with the wail. Thus on 
the 1 6th of June, 1784^ the heat below being 68°, the heat above 
was no more than 6o°; fo great a diminution at fo fmall a height 
could not arife from the natural progreflion of heat, but muft 
have arifen from the range of a N E. wind which prevailed on part 
of that day from which the garden was more Sheltered. 

Section II. 

Of the Temperature of the Winter Month 1. 

By winter months I underftand thofe of November, December, 
January and February. The temperature of thefe months has pre- 
fented fome extraordinary phenomena hitherto deemed inexplica- 
ble, or at Ieaft not fully accounted for, though they appear to me 
connected with and dependant on a fad fuggefled by that eminent 
phiiofopher and mathematician Dr. Halley, fo long ago as the 
latter end of the feventeenth century. 

The firft phenomenon is, that during the winter months, the 
temperature of the higher ftrata of the atmofphere is often wanner 
than that of the lower. 

3 A $ Thus 
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Thu9 the temperature of the fumrnit of Arthur's, feat, near 
Edinburgh, though only 684 feet above the bafe of Hawk-hill 
obfervatory, was, on the 31ft of January, 1776, found to be 6° 
warmer than the temperature below. Phil. Tranf. 1777, p. 777 
and 728. At about eleven o'clock in the forenoon, M. De Luc 
tells us, that in winter he fomctimes found the temperature on 
the fummits of mountains from 2500 to 3000 feet high, exactly 
the fame as that of the plains. Modif. § 203. A circumftance 
that never occurs in fummer. Count Fraula, in the 3d volume 
of the Memoirs of BrufTels, has (hewn by experiments,, that thaws 
begin above and are gradually propagated downwards ; Meffier, 
in the Memoirs of Paris. 1776, p. 19, having placed two ther- 
mometers, one at 20 feet above the ground and another 54. feet 
higher, obferved this latter to frand conftantly fome degrees 
higher than the former, and in one inftance fix degrees, on the 
firft day of February, 1776, though the weather was ferene and 
the wind at eaft, when thefe obfervations were taken. Ibid. p. 16*. 
The cold below has been attributed to the froft that ftill remained 
unthawed ; but granting that its influence could reach to the 
height of 20 feet, the queftion is, whence proceeded the change 
in the temperature of the upper atrnofphere, which fome fhort 
time before was much colder ? It evidently did not proceed from 
the earth, as it conftantly does in fummer. 

The 
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The fccond remarkable phenomenon is that the North Pacific 
Ocean, above latitude 40°, is much colder than the North At- 
lantic, betwixt the fame parallels. The interior parts of Siberia, 
eaft of longitude 100, are much colder than the parts equally 
diflant from that meridian on the weftern fide. The coaft and 
interior of the weftern regions of America are much colder above 
latitude 40 than the correfponding trads of the European con- 
tinent. 

A third lingular circumftance is, that barometers,, in the 
northern parts of Europe at leaft, generally ftand higheft in the 
months of ' December,, January and February. This has been ob- 
ferved almoft conftantly at Peterfburgh during ten years, (IX 
Goment. Petrop. p. 325) that is from 1726 to 1756, and during 
eleven years at Abo, that is from 1750 to 1761. 25 Schwed. 
Abhand. p. if 2; and by Mufchenbr. in Holland, in the year 
1728. La Cotte alfo obferves> that the higher and loweft dates 
of the barometer occur in the winter months. 44. Roz. Jour. p. 
232. It is alfo well known that the fmalleft variations occur 
within the tropics, but gradually increafe as we recede from 
them. Ibid. 

Now the fa<5t flated by Halley, and with which all the above 
phenomena appear to me to be connected, is, that the equatorial 
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air, and that of the tropic to which the fun approaches, " being 
*' rarefied by heat and prefled upon by the colder air, rifes and 
*' diffufes itfelf above, forming a current in a contrary direction 
" to the fubjacent inferior current of the colder air ; fo that a NE. 
" wind below is attended with a SW. wind above, and a SE. 
*' below with a NW. above." Here his ftatement ends, but the 
laft part of it is erroneous, or at leaft ambiguous ; for from it one 
would be apt to deduce the exiftence of two fimultaneous fuperior 
currents, one on the northern and the other on the fouthern lids 
of the Equator, whereas he moft probably meant two fucceffive 
currents, as he tells us that it is the air of the tropic to which 
the fun approaches that flows in a contrary direction to the colder 
air below ; now as the fun cannot at the fame time approach 
both tropics, it follows that thefe currents, like the fun's ap- 
proaches, muft be fucceffive ; fo that when the fun is in, or ap- 
proaches to the fouthern tropic, that is, during the winter of the 
northern hemifphere, a SE. current prevails in the upper regions 
of our hemifphere, and when the fun, during our fummer, ap- 
proaches to, or is in the northern tropic, a NE. wind prevails in 
the upper regions of the fouthern hemifphere ; and in fact this 
equatorial intumefcence muft neceflarily flow and difFufe itfelf in 
that direction in which it meets with leaft refiftance, and it meets 
with leaft refiftance in blowing towards that hemifphere in which 
at equal heights the air is moft rarefied ; now when the fun is in, 

or 
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or approaches to the northern tropic, winter reigns in the fouthern 
hemifphere, therefore the lower fe&ions of the a.tmofpheric columns 
are more condenfed by cold,, and confequently the upper fac- 
tions of thofe columns are proportionably rarer (fuppofing the ab- 
folute weight the fame) than the correfponding fe&ions of the 
northern hemifphere, where, from the great expanfion occafioned 
by the heat below, a greater part of their mafs reaches to the fame 
height as the more rarefied part of the fouthern columns. There- 
fore during our fummer, or the winter of the fouthern hemifphere, 
the greater part of the intratropical intumefcence flows to the 
fouth. Halley adds alfo to the eaji^ in order to preferve the equi- 
librium ; but this feems a miftake, the equilibrium is fupportcd 
by the inceflant cifcumvolving flow below. The direftion of the 
fuperior current is guided only by the greater or leffer refiftance 
it meets with; it muft move, as he himfelf fays, "from thofe 
" parts where the greateft heat is»" and confequently towards the 
colder, which at that, height muft.be the rarer, and offer leaft 
refiftance ; now the weftern parts,. over which the fun's influence 
has not as yet been exerted, are evidently colder than, the eaftern, 
over which the fun has already parTed, therefore the fuperior 
current is directed weftward, or in other words a NE. wind pre- 
vails above. The reverfe takes place in the northern hemifphere 
during our winter, or in other words a SE wind prevails in the 

upper regions of our atmofphere. 
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Again, another difference muft be remarked betwixt the di- 
rection of the trade winds below and that of the fuperior current. 
The trade winds are chiefly eafterly, with only a few points to 
the north or fouth, according to their filiation on the north or 
fouth fide of the equator, commonly one or two, rarely more. 
But the direction of the upper current is chiefly to the north or 
fouth, according to the tropic the fun approaches, with only a 
few points weft wards, as the greateft cold prevails in the northern 
or fouthern quarters. 

The height above the level of the fea or furface of the earth, 
at which this intumefcence begins to overflow, is that at which 
its denfity notably furpaffes that of the aggregate of the adjacent 
extratropical columns at the fame height, that is about ^ or yyth, 
and even ftill lefs. 

To ftate this point more clearly we muft take a general furvey 
of the temperatures of the different aggregates of air thus com- 
pared, confining ourfelves to the northern hemifphere, as beft 
known, and to the winter feafon, 

TaE 
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The equator and tropics lie chiefly over fea, but partly over 
land, and the temperatures of each of thefe are very different. 

Mean heat of the equatorial air - 84 s 

— — of the fupra-marine S. intra-tropical air 85 ° 

■ . . of ditto incumbent over land - 98 

-'■'■■ fupra-marine N. intra-tropical air 8o p 

————— of ditto' incumbent over land - 90 s 

At the level of the fea and furface of land, mean of all 87 ° 

Mean heat of the extra-tropical fupra-marine air in 

this feafon*i from latitude 23 to latitude 33 66° 

Ditto of that incumbent over land - 70° 

Mean of both at the level of the fea and furface of 
the land - - - 68° 

To reprefent the action of thefe on each other, we fhall fuppofe 
each to form a diftinet column, and both columns to be conti- 
guous to each other, and .each to fupport mercury in the barometer 
to the height of 30 inches, at the furface of the earth. 

* See Eftimate of the temperatures of different latitudes. 
Vol. VIII. 3B And 
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And here it is plain in the firft place, that, as both are of equal 
weight, the intra-tropical column, being more expanded by heat, muft 
reach to a greater height than the colder and lefs expanded extra- 
tropical air. But that at a certain height the weight and denfity of 
the intra-tropical air muft be confiderably greater, and corifequently 
that this air muft. flow over or into the other, will now appear by 
fhcwing the elevation that mercury would ftand at in each, at 
that given height. The height I now allude to is that of the upper 
line of congelation ; in the mean of the above-mentioned lati- 
tudes of the extra-tropical air, this height is 21800 feet = 3633 
fathoms, which, fubtracled from log. 30 (= 4771212) gives the 
logarithmic number 113-8212; and this correfponds with the na- 
tural number 12,997,1. to this. height, the mercury would then 
rife in the barometer. But in the column repreienting the intra- 
tropical d\x, the mercury would rife at the fame elevation over the 
earth to 13,835 inches, as Appears by the following calculation. 
The mean height of the line of congelation of the intra-tropical 
air is 25000 feet, and the mean heat of this air, at the furface of 
the earth being 87 , the difference of this with 32 is 5,5°, which 
divided by 250,00 quotes 0,222 the common difference of the 
progrefilcn; and this multiplied into 2i8co (2,18,00 being ex- 
pr.efTed.in the terms of the progrefiion) gives the diminution of 

heat 
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heat 480,396, which, fubtracted from 87P gives the temperature 
at that height, 38,664. The mean heat of this column is there- 
fore 62° s 8, which exceeds the temperature of 32 by 30^,8. 
Now, according to Sir George Schuckburgh's calculation, 1000 
feet of air, by one degree of heat above 32 , gain 2,43 feet, con- 
fequently 21800 feet of air fhould gain 52,97 feet. And if one 
degree of heat gives an increafe of 52,97 feet, 30,8 degrees fhould 
give 1631,476 feet; confequently the mercury fhould rife in it to 
the fame elevation as if the barometer had been placed 1631,476 
lower, that is at the height of 21800 — 1631,476= 20168,524 
feet = 3361,420 fathom, which fubtracTted from log. 30, as above, 
gives the logarithmic number 1409792, correfponding with the 
natural number 13,835. At this number of inches then the mer- 
cury would Hand in the intr-atropical air. Thedenfity of the 
fuperior air incumbent upon it exceeds that of the air incumbent 
over the extra-tropical air of the fame height over the earth by 
,838 of an inch of mercury, or about -^ of the whole weight of 
each column. It muft therefore flow over, or into the rarer ex- 
tra-tropical air. 

This overflow takes place at even far lower heights in the at- 
mofphere ; for by a fimilar calculation it will be found that the 
denfity of the intra-tropical air exceeds that of the extra-tropical 
by r'o of an inch, even at the height of 8000 feet. 

3 B 2 This 



I 384 3 

This fuperior current is inceflkntly propelled forward by the 
inceffant fucceffion and propulfion from behind ; and its rapidity 
increafed proportionally to the decreafed denfity of the more 
northern columns to which it proceeds. 

The heat it poffefTes at the height of 21800 feet was given at 
the average both of the fupra-marine and fupra-terrene columns ;. 
but it is evident that the heat of the fupra-marine columns at that 
height is fome degrees lower, and that of the fupra-terrene fome 
degrees higher. At the height of looo feet the heat of the fupra- 
marine intra-tropical air is 57°,6, and of the fupra-terrene 7© Q ,6. 

Sir Charles Blagden, in a very lnterefting paper inferted in the 
Philofophical Tranf. 1781, p. 341, has fhewn that the Gulf ftream, 
paffihg northwards from the Gulf of Mexico through water feveral 
degrees colder, lofes only two degrees of heat for every three 
degrees of latitude it pafles through ; and Dr. Franklin, in a paper 
of four years later date, in the fecond volume of the American: 
Tranf. p. 316, informs us that this ftream preferves its fuperiority 
of temperature at leaft from latitude 25 to latitude 44 , which 
it reaches in twenty or thirty days, that is through 19 degrees 
of latitude about 1300 miles j but Sir Benjamin Thompfon (now 
Count Rumford) in the Phil. Tranf. of 1786, p; 304, has fhewn 
that atmofpheric air is four times a worfe conductor of heat than 

water 
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water is, and confequently parts with it more flowly in that pro- 
portion. Therefore it lofes only 2° of heat in palling through 
1 7.9 of latitude, and 6° degrees in paffing through 24 of lati- 
tude, and 8° in paffing through 48 . Therefore the fupra-terrene 
intra-tropical air at the height of 10000 feet is cooled down in 
latitude 72 , that is 48 beyond the northern tropic, only 8°, 
and confequently its temperature, even in that diftant latitude, 
is 64 . But the fupra-marine intra-tropical air, whofe temperature 
at the height 'of 10000 feet is 57 , is cooled down to 49° at la- 
titude 72*. It is true, that the degree of moifture, in the air 
through which the intratropical air paffes, muft. occafion a confi- 
derable difference as to the heat it retains, for Count Rumford 
has alfo Yhewn, that moiftair is 3,9* times a better conductor of 
heat than common air, and confequently nearly as good a con- 
ductor as water. Ibid. But the air, in his experiments, was fa- 
turated with moifture, a circumftance that cannot be fuppofed in 
the cafes at prefent referred to* From thefe principles the expli- 
cation of the above-mentioned phenomena is clearly deduced 

For i°. the fuperior ftrata of the atmofphere are obvioufly 
warmer than the lower, being occupied by the fuperior current, 
whofe heat is gradually communicated to the lower ftrata, until 
at length it becomes uniform^ as in the cafes obferved by De Luc. 

ado. 
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2d . The North Pacific Ocean is colder than the North Atlantic 
between the fame parallels, becaufe the fuperior current that paffes 
over the North Pacific is entirely /upra- marine, and for the famereafon 
eaftern Siberia is much colder than its more weftern tracts. But 
the current that paffes over the eaftern parts of the North Atlantic 
is in great meafurcjufira- terrene, for it iffues from Guinea, Sene- 
gambia, and a flcirt of the great defert. So alfo the current that 
paffes over the weftern parts of Siberia, being derived from Siam, 
Ava, and the more fouthern iflands. But the current that paffes 
over the eafcern regions of North America is e\\t\xc\y fupra-marine, 
as it originates on the Atlantic Ocean ; whereas that which paffes 
over the correfponding European traces, Hungary, Poland, Ger- 
many, Sweden, France, Spain, Italy, and the Britifh iflands, is 
entirely fupra-terrene, arifing from air fuper-incumbent on fouthern 
and northern Africa. Thefe directions from the fouth to the N. N. 
Weft; may eafily be traced on a map, obferving to allow from one 
to three points to the weftern direction. 

The 3d phcenornenon is due to the re-inforcement of the fame 
caufe. In x the months of December, January, and February, the 
fuperior current is then more copious, as the intra-tropical air is 
is then more heated, and hence adds more to the weight of the 
northern air, and confequently mercury in barometers muft 
ftand hlgheft ; but as this current foon diffufes itfelf over regions 
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on- which air at an equal height is Pull more rarefied, the mercury 
muft fink in proportion to the quantity of air that deferts its 
ftation. The fmall variations of mercury in the intra-tropical re- 
gions proceed from the fmall alteration of the quantity of air in- 
cumbent over thofe tracls. The perturbations that take place 
within the tropics originate in far higher ftrata of the atmofpbere, 
than thofe do that take place in the more diilant extra-tropical 
tracts. Thus, Gentil has fhewn, that thunder proceeded from 
from clouds ioooo feet above the furface of the earth at Pondi- 
cherry,* latitude is, 9 . 2 Gentil, p.. 79. But in latitude 46 , Sir 
George Schuckburgh heard thunder grumbling under him when 
{landing on mount Saleve, an elevation of only 2831 feet over the 
furface of the plains. Phil. Tranf. 1777, p. 527. Now as a 
great part of the weight of the atmofphere refides in the inferior 
and denfer ftrata, it is evident that it muft be more altered by the 
perturbations that happen in them, than by thofe that happen in 
the much loftier. Hurricanes alone affed the lower ftrata, and 
hence the barometer finks confiderably. Thus, in the hurricane 
that happened in the ifland of St. Bartholemew on the 2d of Auguft, 
1792, the barometer fell from 30,18 to 28,03 during. its continu- 
ance, and perhaps ftill lower, for the obferver was obliged to quit 
the houfe, whofe proftration he apprehended, when at its height. 
See the circumftantial defcription in XI. Voights's Phy. Magaz. 
4 Stuck, p. 74. 

It 
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It may be objedled, that mercury rifes to great heights above its 
natural flare even in fummer, when no fuperior tropical effluence 
prevails, which is certainly true ; but it muft be remarked, that a 
vaft acccffion of air arifes in that feafon from the decompofition of 
water in growing vegetables, as Dr. Hales has abundantly proved, 
and i* now univcrfilly acknowledged. Nay, Melander Hielm in- 
forms us, that the quantity of air emitted from gun-powder dur- 
ing a battle raifes mercury in barometers fituated in the vicinity. 
5 Nev. Schwed. Abhandl. 1784, p. 9. Nor fhould we fufped that 
the atmofphere fhould thus receive an annual increafe, as much is 
deflroyed by volcanos, tornadoes, hurricanes, and putrefying fub- 
fiances, &c. 

Most of the particulars I have advanced, relative to the influ- 
ence and difference of the fuperior currents, receive the fulleft con- 
firmation from Euler's fynoptical table of the variations of the ba- 
rometer during the month of May, 1769, in the vafl empire of 
RufTia, including an extent of obfervation, amounting to nearly 
4000 miles, from the weftern parts of Ruffian Lapland to Iakutz 
in Sibciia, and eleven degrees from north to fouth. The places 
where the cotemporaneous ftates of the barometer were obferved 



were*: 



* This table I have here copied from the 14th vol. of the N. A<5ta Petropol. 
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Latitude. 


Longitude. 


Kola 


- 


68°,$2' 


3° Q 


Ponoi 


- 


67* 


- 35° 


Umba 


- 


66° 


- 37° 


Peterfburgh 


- 


$9**56' - 


30* 


Iakutz 


- 


62$ 


102* 


Orfka 


- 


5* 


6o° 



On examining this table it will be feen, i p . That the mercury 
rifesjboner in ihcjbutbern latitudes than in the northern, (when both 
are fubject to the fame current) thus it was rifing on tlicyfr// of 
May at Orfka while it was falling at Peterlburgh. Sec alfo May 
7th, 15th, and 20th. And it began to rife fooner at Peterfburgh 
than at Ponoi or Umba. See May 4th, 8th, and nth. But the 
variations of the rife and falj are Iefs diftant in point of time, be- 
caufe, though Kola is more northern than Peterfburgb, it is alfo 
more eaftern, and therefore the appuife of the current is more 
nearly fimultaneous than its appuife to Orfka, which is both more 
fouthern and more eaftern, and therefore receives the fuperior 
effluence fooner. 

2°. Poxoi and Umba are near each other, and therefore their 

variations, in every fenfe, differ little from each other ; but Umba 

being fome degrees more cafterly, the rife there fomewhat precedes 

that at Ponoi. 

Vol. VIII. 3 C 3 tio. 
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3tio. The variations at Iakutz, proceeding from a different 
effluence, namely, the fupra-marine, have no connexion with the 
preceding ; this the table fufriciently indicates in every inftance, 
but in none fo remarkably as on the 31ft of May, for while the 
mercury in all the oilier above-mentioned places is on the fall, 
(which proves the identity of the influence to which they are fub- 
jeded) it rifes at Iakutz. 

This fynoptical view of barometrical observations at different 
diftant places is the only one, I believe, as yet exhibited ; yet if it 
had been extended to latitudes flill more fouthern, as it eafily 
might, much light could not fail of being thrown on this obfeure 
fubjecl. 

Section III. 
Of the Origin of the General Trade Winds. 

Though the origin of the general trade winds appears to me to 
have been fully eftablifhed by Dr. Halley, yet it feems he has ex- 
plained himfelf too briefly, fince his explanation has been mif- 
underftood by many, and was thought obfeure even by D'Alem- 
bert*. 

* Sur la Caufe des Vents. V. 

To 
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To underftand it more perfectly, let us fuppofe the fun for the 
firft time in the meridian, and to communicate its heat every in- 
ftant fifteen degrees all around. If it were to remain in this fitua- 
tion the furrounding air could have no other motion but upwards, 
for the lateral dilatations being equal, would neceflarily check each 
other, but in the fecond, and all the fucceeding inftants, the fun 
moves weftwards ; therefore, of the originally equidiftant eaftern 
and weftern points, the weftern, to which the fun approaches 
nearer, is more heated than the eaftern, from which the fun re- 
cedes; therefore, in this, and all the fucceeding inftants, the 
eaftern, being more cooled, will prefs on the weftern, and thus 
an eaftern wind will be eftabliftied. 

It is true, that, in the northern hemifphere, the northern air alfo 
preffes upon the more heated fpaces, but as this alfo follows the 
fun's path to the weft ward, it becomes alfo eafterly, prefer ving 
only a few points of its primitive direction. D'AIembert adds alfo 
the folar attraction, which, according to him, elevates the air in 
the points over which the fun is vertical, and, confequently, pro- 
duces a dilatation advancing from eaft to weft. But Mr. De la 
Place, not denying this caufe, confiders it too weak to produce 
fingly any confiderable effect*. 

* Mem. Paris, 1776. 

3C2 About 
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About the year 1735 Mr. Hadley published a very different 
account of the origin of the trade winds. 8 Phil. Tranf. Abrid- 
p. 500, which, however, has been rejected "by the mofl diftin- 
guiftied aftronomers that have fince attended to this objedt, as 
D'Alembert, fur la Caufe de& Vents. Art. 376, and 385, Gentil 
Voy. 2 Bergman Erde Befchreib. p. 91. 

According to Mr. Hadley, the air, being rarefied towards the 
equator, is confequently invaded, in the northern hemifphere by 
the northern, and in the fouthern hemifphere by the fouthern 
colder air. 

But as the parallels of latitude enlarge as they approach the 
equator, and as the equatorial fpace is nearly in the proportion of 
T 000 to 917, the difference of their circumference is nearly 2083 
miles; confequently, the furface of the globe at the equator moves 
fo much fafter than under the tropics ; and hence the northern or 
fouthern air, moving from the tropics towards the equator, muft 
poflefs lefs velocity than the parts it arrives at, and, confequently, 
appear to move in a direction contrary to that of the earth's mo- 
tion, which being from weft to eaft, the air arriving fooner at the 
weftem parts, will appear to move from eaft to weft,, and this re- 
lative motion being combined with that towards the equator, a* 
north-eaft wind will be produced on the north fide, and a fouth- 

eaft 
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eaft wind on the fouth fide of the equator. — Thefe, as they ap- 
proach the equator, fhould become ftronger and more eafterly, and 
appear due eaft in the equator itfelf, by reafon of the concourfe of 
both currents from the north and from the fouth. — There the ve- 
locity of each fhould be at the rate of 2083 miles in the fpace of 
one natural day, or above 1,33 miles per minute, if it had not 
been that before the air at the tropics could arrive at the equator, 
it rauft have gained fome motion eaftwards from the furface of the 
earth or fea, whereby the relative motion is diminished to the de- 
gree that actually exifts in it. 

This theory appears to- me rather ingenious than folid, for the 
following reafons : 

i°. The trade winds are commonly gentle, moving only at the 
rate of eight miles an hour; therefore they have fufEcient time to 
gain or participate of the motion of the earth ; therefore their con- 
trary courfe muft arife from, an abfolute caufe, and cannot be 
deemed merely relative 

2°V Because the north-eaftwind fcarce ever approaches nearer 
than eight or ten degrees to the equator, and there dies away j 
whereas it ought there, according, to this theory, to be ftrongeft. 
And, on the contrary, the fouth-eaft pafles the. equator feveral de-r 

grees, 
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greee even when the fun is in the fouth tropic. A fact which 
as Gentil remarks is absolutely irrreconcilable with this theory, 
i Gentil Voy. p. 638, 5 Gentil p. 116. 

jtio. Because if the conftant eafterly wind was in the nor- 
thern hemifphere fupplied folely from the north, and in the 
fouthern hemifphere folely from the fouth, we mould in the 
former have a conftant north wind at leaft at 35 or 40 degrees 
from the equator, or at leaft. from fome northern point, and 
in the latter a conftant fouth wind, or at leaft from fome fouthern 
point ; whereas on the contrary a fouth wind often prevails in 
thofe latitudes on the north fide of the equator, and a north 
wind on the fouth fide. — Thus La Peyroufe met an E. S. E. in 
north latitude 32 , and a due eaft in latitude 31°, and a S. S. E. 
in latitude 14 , and a due eaft in latitude 16 , and a due north 
in latitude 20P, (where then was the relative motion ?) and a 
due fouth in latitude 33 . See his Journal in 3d La Peyr. Voy. 
He alfo met with a due north in latitude 27° and 42 fouth, and 
a N. N. E. in latitude 25 fouth. So Captain Cook met a S. S. E' 
wind in latitude 30** north, and alfo in latitudes 40® and 41°, 
and a due fouth wind in latitude 38° and 20° ; and in the fouthern 
hemifphere a due north in latitude 3" , 4 , and 44 . I might 
produce other inftances from fea journals, and particularly 
from that moft ample and inftruclive, kept by Major Dal- 
rymple during a voyage to the Eaft Indies. Phil. Tranf. 1778, 

but 
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but I think the alleged fumeiendy prove that the general eaft 
wind is not fupplied folely from the north or fouth in the dif- 
ferent hemifpheres refpectively. 

4°. Because during our fix fummer months, when the fun is 
in or approaches to the northern tropic, the eafterly trade wind 
partakes lefs of the northerly, than when the fun is in or ap- 
proaches to the fouthern tropic. 2d. Phil. Tranf Abrid. p. 134, 
and Schued. Abhandl. 1762, p. 175, which is directly con- 
trary to Hadley's fyftem ; for when the fun is in the fouthern 
tropic, the north wind mull traverfe more of that fpace in which 
the earth's motion eaftward is ftrongeft, and therefore mould 
participate more of that motion as Hadley himfelf dates : 
though ftill partaking of it in a fmaller degree than that which 
the globe itfelf pofteffes, it mould appear to move weflwards ; 
yet it mould proportionably retain lefs of its original direction 
from north to fouth, than when it had traverfed a fpace more 
diftant from the equator, whereas the fact is, that it retains more, 
and often pafTes into the fouthern hemisphere into the 13° fouth 
latitude without having any eaftern direction. 3 Marchand, p 551; 
and an analogous fact is obferved with refpect to the fouth eafl: 
wind when the fun is in the northern tropic. Hence it is evi- 
dent, that it is from the approach of the fun, and not from the 
latitude traverfed, that the eaftern direction is derived ; nay the 
wind is often more eafterly than northerly between latitude 23° 

and 
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and 28, Foftef's Obfervations p. 126. He even obferved, that 
the trade winds extended far beyond the tropics when the fun 
is in the fame hemifphere, which fliews it is the fun that caufes 
them. 

Eddy is a term inttoduced on this fubjecl:, which explains 
nothing when its caufe is not affigned and proved ; the trade 
winds are often interrupted by the approach of land, but the 
interruption, as Fofier mentions, extends only to a few miles. 
Ibid. 127. 

The monfoons or periodical trade winds, depending on local 
circumftances fufficiently explained by Dr. Halley, I fhall here 
pafs over; though certainly much may be added from obfer- 
vations made by fubfequent navigators and traveller!. I fhall 
therefore confine myfelf to the variable winds, a fubjecl: much 
more obfcure. 



Section IV. 

Of Variable Winds. 

With refpecl to winds we muft lay down one general and 
fundamental principle, which is, that they always originate at 
the extremity of that point towards which they proceed. Thus 

the 
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the eafterly trade wind begins at the point neareft the fun, 
which it follows, and ic. perpetually renovated and fupplied 
from parts ftill more eafterly. — Thu~> in the year 1709 a north 
wind was fooner perceived in England than at Dantzick. 4 Phil. 
Tranf. Ahrid. 2d part, p. 115. And Wargentin notes that 
when the wind changes to the weft, this change takes place at 
Mofcow before it happens at Abo, which is feveral degrees weft 
of it, and fooner in Finland than in Sweden. Schwd. Abhandl. 
1762, p. 19$. And Dr. Franklin, in his XXXVI. Letter;, p. 389, 
thinks that the north-eaft ftorms in North America begin firft 
in point- of time in the S. W. parts; that is tq fay, fooner in 
Georgia than in Carolina, and fooner in Carolina than in Vir- 
ginia, &c. He found that a north-eaft ftorm began at Phila- 
delphia at feven o'clock, but did not extend to Bofton (about 
forty miles to the north-eaft) until eleven o'clock. The reafon 
of which he well explains, as the current muft begin in the 
places neareft to that in which the rarefa&ion arifes towards 
which the current is directed. 

OfWefterly Winds. 

That eminent and laborious meteorologift, citizen La Cotte, 

infers from numerous obfervations of many years, that between 

Vol. VIII. 3 D latitude 
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latitude 47° and 6o° on the weftern fide of our hemifphere, the 
weft wind, with fome participation of the north or fouth, is 
that which obtains ofteneft. 39 Roz. Jour. p. 267. Leche ob- 
tained the fame refult at Abo, latitude 6o°, from twelve years 
obfervations, Mufchcnbroock in Utrecht, Mr. Dakon in Weft- 
morland, latitude 5+ Q (lec his Mctcorolog. Eflays, p. 48 and 88) 
from five years obfervations. 

This wind in our continent originates in the Pacific ocean, 
between the above mentioned parallels, at leaft in winter } the 
air incumbent on that ocean is then much warmer than that 
of Siberia and Chinefe Tartary that lie weft of it, this there- 
fore prefles upon and flows into the fupra-marine, and is imme- 
diately fucceeded by air ftill farther weftwards, and thus a cur- 
rent is gradually cftablifhed extending to the Atlantic, which, 
though in winter, being much warmer than the air of the iflands 
and continent on which it flows, is forced into the current, 
both by the rupture of the equilibrium to the eaftwards, and 
by the preffure of the much colder air of the continent of 
North America. 



Of 
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Of Eqfltrly Winds. 

During *he winter months there feems to be a frequent 
ftruggle and conteft betwixt the , air incumbent over the iiiiatic 
continent, and that incumbent on the North American, lying 
betwixt the above-mentioned parallels and bordering on the 
Pacific ocean, which of them mail rule over it. 

The mafs of the American air being lefs confiderable, and 
its efforts divided between the Paciiic and the Atlantic, is gene- 
rally obliged to yield to its antagonift ; though fometimes the 
Afiatic being warmed, either by a diffufion of the fuperior 
current or by foutfcerly winds, the cslder American becomes 
more forcible. In fummer this muft happen frequently, the 
E. N. E. ofteneft prevailing; upon the whole however Leche 
remarked that the E. and E. S. E. were nearly the moft uncom- 
mon ; as did La Cotte in the climate of Paris. Meteorolog. 

P- 3°5- 

With us this wind is moft frequent in the months of April 

and May j and I have obferved in Cook's Journal, tables 9th, 

10th and nth, that it prevails alfo in the fame months in 

the Pacific, therefore the colder continental air then pours 

in upon us. 

3D2 La 
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La Cotte alfo obfcrves, that in the weftern tracts of Europe, 
in latitudes below 4.8*, this wind occurs ofteneft during the winter 
months*, for the fuperior heat of the Atlantic in the low latitudes 
determines the colder air incumbent on Hungary and European 
Turkey to flow in upon it. 



Of Southerly Winds. 

A few years ago no problem in meteorology appeared to me 
more difficult than to aflign a caufe for the frequent prevalence of 
a fouth wind even in winter, it being contrary to the laws of na- 
nature that warm air fhould rufh upon colder, yet I fince difco- 
vered, that the conjectural folution I then offered is grounded on a 
real fact. 

In the eaftern parts of our hemifphere, from longitude 72 to 
160 , that is, from the coaft of Malabar to the Moluccas, it blows 
from the north-eaft conftantly from O&ober until April. Now 
this northern blaft muft be fupplied and recruited from countries 
ftill farther north, until we arrive at the pole, and the polar air 
muft confequently be fupplied by that which lies fouth of it, and 

* 2 Mem. Meteorolog. p. 189, &c. 

thus 
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thus a fouthern current is eftablifhed on the weftern fide of our 
hemifphere. 

Instances to fupport or contradict this theory do not often oc- 
cur, yet I have found fome that appear to me decifive, indepen- 
dently of the general reafon alleged. Thus I find in the 9th 
table of the third vol. of Cook's Voy. that in north latitude 59 , 
and eaft longitude 207, on the 25th of May, 1778, a ftrong north- 
weft wind prevailed ; and on the 29th day of the fame month and 
and year, an equally ftrong S. W. wind prevailed at I'ctcrflwrgh, 
latitude 60°, and longitude 30 E. Now the places of obfei vation 
were 177 degrees diftant, one on the caftern and the other on th- 
weftern fide of our hemifphere, (which, at this proximity to the 
pole, argues not, a fuperior diftance to that I have mentioned) and 
four days is as fhort a time as can be allowed to the S. W. to fup- 
ply the more eaftern N. W. Mem. Peterfburgh, 1778, p. 92. 
So alfo in the fame journal I find, that from the 4th to the 30th 
of May, a north wind prevailed in the eaftern part of our hemif- 
phere from latitude 58 to 6i°, except feventeen days of variable 
winds ; but in London it blew from the S. W. during the firft fif- 
teen days of June, thus replacing the northern air. And to replace 
the conftant N. E. wind, on the Indian Peninfula to the Moluccas, 
there is a conftant draught from the fouth in the weftern parts of 
our hemifphere ; accordingly Lcfkc obferved, that on an average 

of 
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of twelve years, it blew 126 <days each year, from O&ober until 
May, from fome fouth point, namely, 86 days from the fouth or 
fouthweft, and 40 from the fouth-eait, at Abo, la.t. 6o°. 

It is true, that he found it to take place Vgry frequently alfo in 
fummer, but this is occafioned by ; the great heat that then prevails 
in the northern tra&s of Lapland. 

And, upon the whole, more .of the fouth air is drawn off in win- 
ter than in fummer, for its flow is gentle in fummer, but often 
ftormy in winter. See Leflce's IX. XL and XII. tables. If all 
other meteorological, tables of .a Teries of years had been arranged 
with equal fagacity and ..precision as thofe of Leche and Dr. Horfe- 
ley, a vaft fund of information might be extracted from them. 

At Peterfburgh, during the year 1793, Euler junior found a 
fouth or fouth-weft wind prevailed 79 days, 52 from October to 
the end of March, and only 27 in the fummer months ; it was 
ftormy in November, December, and January. I have not noted 
the S. E. 

Mr. Stritter alfo found the fouth wind to predominate at 
Mofcow during the fix winter months of that year. 1 r N. Acta 
Petrop. p. 569. So that the frequency of this wind in high lati- 
tudes is certain. 
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Of Northerly Winds. 

In the weflern parts of our continent and hemifphere thefe are 
.of all others the leaft frequent in latitudes above 48 . See La 
Cotte and Leche's tables. The caufe of this unfrequency appears 
from what has been faid of fouth winds. 

But in latitudes below 48* they occur oftener, and ofteneft in 
thofe that are ftill lower, as La Cotte remarks. An admirable in- 
ftance of Divine Providence, that the warmeft winds fhould prevail 
ofteneft in winter in the coldeft regions, and cold winds in the 
warmeft ! 

But it may be afked, why a fouth wind fhould not prevail in 
the eaftern parts of our hemifphere to fupply the conftant N. E. 
wind that prevails in the low latitudes of the weftern fide ? The 
reafon is, that on the weftern fide the N. E. winds of low latitudes 
are eafily fupplied by the contiguous Atlantic, which is open up to 
the North Pole; and, as here, the upper current fets and ceafes, 
there can be no deficiency of air. 



Of 
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Of oppofite Concomitant Winds. 

It has often been obferved*, but of late, fince the invention of 
baloons, evidently proved, that currents of air from different and 
even oppofite points of the horizon, prevail at different heights in 
the atmofphere, over the fame tra£ts of land or water. This was 
originally inferred from the different courfes of the higher and lower 
clouds ; but as fuch obfervations were often liable to optical decep- 
tions, better proofs were wanting. 

Mont Louis is within thirty miles' of Perpignan, but about 
5000 feet higher. Now in March 1780 north and north-eaft winds 
prevailed at Perpignan and a wefterly wind at St. Louis. In 
Auguft a north wind prevailed at Perpignan and an eaft at Mont 
Louis. Mem. De La Societ6 de Medecine de Paris, 1780. Der- 
ham fufpecledf, and Gentil has fince fhewn, that changes of fea- 
fons conftantly begin in the upper atmofphere; while a ftrong 
wind blows from one point below, a wind from an oppofite point 
reigns above, but more gentle, until at lafi: (in about three weeks) 
it is propagated downwards. 2 Voy. p. 23 and 24, in 8vo. The 
lower atmofphere, he fays, extends to the height of 2880 feet. 

4 vol. 

* 2 Ulloa's Voy. p. 62, Englifh. 

f 4 Phil, Tranf. Abridg. 2 Part. 125. 
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4 vol. p. 48. At the commencement of winter, when the fun ap- 
proaches the fouth tropic, and the north air begins to flow in and 
follow it, it muft meet with more refiftance from the lower denfer 
air, as its impetuous courfe in an oppofite direction is more flowly 
altered (this refpe&s the monfoons) than in the rarer fuperior ftrata ; 
and the fame effect, but in a different direction, takes place when 
•the fun approaches to the northern tropic. 

It has been faid by many, that winds in the fuperior regions of 
the atmofphere are much more violent and impetuous than in the 
lower. Sauffure Hygrom. p. 300. 2 Ulloa's Voy. p. 81. Muf- 
chenbr. § 2612. 2 Bergnu Erde kugel. p. 99. De Luc, &c. 
But the contrary has alfo been obferved by Gentil., above quoted, 
and Morveau. Aeroft. de Dijon. 



Qf the SucceJJion of Winds. 

Well eftabliftied general laws on this head would be extremely 
ufeful, as we might then forefee what wind might next be ex- 
pected. Befides the general fucceffion in an open country, it is 
probable there is a local, confined to certain fituations. 

Gentil remarks, that in the fouthern latitudes of our hemif- 

phere, a north-eaft is fucceeded by an eaft, fouth-eaft, and fouth. 

Vol. VIII. 3 E According 
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According to La Cotte, the order of fucceffion in the middle lati- 
tudes is fouth- weft, north, weft, north-eaft, fouth, north- weft, 
eaft, fouth-caft. 39 Roz. Journ. p. 267. 



Of the Scirocco. 

This is a fouth, or fouth-eaft wind, known in the fouthern 
parts of Italy, Sicily and Malta, diftinguifhed by peculiar debilitat- 
ing effects, well defcribed by Brydone, and by Dolomieu in his 
treatife on the temperature of Malta. The latter has fhewn that 
its malignity refults from the conftitution of the air it conveys, and 
not merely from its temperature, which is variable, from 55 to 
8o°. It contains a much fmaller proportion of oxygen than air 
nfuaily docs. The conftitution of the African wind, called Har- 
mattan, is as yet unknown ; it is, at leaft on land, loaded with 
fome unknown undiftblved vapour, and is much hotter and drier 
than the Scirocco, but not debilitating, and even wholefome for 
animals ; for though it parches their fkin it deftroys infection and 
cures feveral diforders. See Phil. Tranf. 1781, p. 46, &c. Its 
direction is alfo weftwards. 



Section 
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Section VI. 

Of the Variations of the Temperature of the Summer and Winter 
Seafons that take place in different Years. 

To reafon with precifion on this fubjec~t, we muft at firfi ab- 
ftraci from all fublunary phyfical caufes, and indicate the tempe- 
rature appropriated to different latitudes from mere agronomical 
considerations. 

Halley has ingenipufly refolved this problem fo far as the mere 
ratios of heat in the different feafons are concerned. 2 Phil. Tranf. 
Abr, p. 165. And Lambert in his Pyrometric, § 596. 

Halley, calculating the ratios of heat communicated by the fun 
to the earth, (which he confiders merely as a planet, abftra&ing 
from all diftindion of land and water) in the different feafons in 
the northern hemifphere, reduces thefe feafons to three, the equi- 
noxes, the fummer folftice, and the winter folftice ; and attending 
only to the fines of incidence of the fun's rays, and the duration of 
their adion, he fets the heat communicated at latitude o. On the 
days of the vernal and autumnal equinoxes at 20000. And on the 
tropical days in the fame latitude at 18341. And then adds the 
ratios which the heat in every 10th degree of north latitude bears 
to thefe at the fame periods. Lambert adds the ratios of lat. 49^ 
and 66°, 33', ftating the equatorial heat on the equinoxial day at. 999. 

% E 2 But 
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But to cxprcfs thcfc ratios in thermometrical meafures we mutt 
endeavour to find the greateft heat of the equinoxitl day, taking 
a mean of the heat of the morning at two o'clock, and the even- 
ing, under the equator, or very near it ; and this I find to be 88° 
or 8f/' of I-'ahr. (Sec Ullo.i, Mcni Philofoph. p. 6r) in the northern 
hcmifjilure, on the 2oth of March, on the ocean, to which in- 
deed we mutt confine ourfelvcs in this enquiry, and particularly 
the Atlantic, for no uniformity can be expected on land. 

It is uncertain what thermometer of Reaumur Ulloa employed, 
whether the true or the falfe, and hence I place the heat at 88? of 
Fahr. 

Tins correfpondence being found, the thermometrical degrees 
correfponding with all the other ratios are eafily found by the 
tuIc of proportion, and the degrees thus found I call the mathe- 
matical temperature. But in moll cafes this temperature is far from 
agreeing with the temperature really obferved ; and which I there- 
fore call the real temperature •, this I take at a mean, and not at 
its maximum, which I could not always difcover, and is more fu- 
gitive and contingent. Thefe temperatures I exhibit in two fe- 
parate tables, the firft indicating thofe of the vernal equinox and 
of the northern tropic or midfummer, and the fecond thofe of the 
autumnal equinox and the fouthern tropic or midwinter, over the 
Atlantic or ftandard ocean in our hemifphere. 

Table 
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7 able the FirJ. 



Vernal Equinox. 



Latitude. 


Mathem. 


Real Mean. 


o 


88 s ? 


84 


to 


86,5 


82 


ao 


81,69 


77 


30 


76,11 


69>5 


40 


67.4 


60 


49 


61 


5< 


5° 


5^,5 


5°»5 


60 


44 


40 


660,33' 


39>8i 


34 


70 


3<>»99 


3* 


80 


15,28 


27 


90 


9,6 
Lambert. 


• « * 



Midfummer. 



Mathem. 



80,72 
P9.3 

9 5. 64 

99,66 

101,41 

101,7 

101,86 

lOOrf 
IOI,H 

101,41 
108,56 
109,95 



Real Mean. 



83? 

84.3 
80,5 

73.* 
-7o,5 

62 Lambert. 
61 

56 

55 Lambert. 

54 
5* 



In 
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In this tabic we fee, 1°. That during the vernal equinox the 
heat differs but little from the mean heat really obferved in all 
latitudes, and perhaps flill lefs from the maximum of real heat. 
Yet, except in latitude 8o°, it is always higher, both from the 
quantity of rays loft in paffing through the air, and from the 
quantify t((U-iU'd by water and the frequent interpofition of 
clouds, 6cc. 

2dly. We fee that the aftronomical heat conftantly increafes 
with the height of the latitudes, as the duration of the folar rays 
more than compenfates for their obliquity, when the fun is in 
the northern tropic j but the real heat decreafes as the latitudes 
increafe, becaufe this theoretic compenfation does not take place, 
from the interpofition of clouds and the accefs of cooler winds, 
and the incrcafed reflection from the furface of the water. 

The different temperatures of different fummers are ultimately 
refolvable into the different direction of the winds during thofe 
feafons, and the different electrical ftates of the atmofphere, the 
fouth or fouth-eaft producing not only clouds which intercept the 
fun's rays, but alfo copious rains or hail, which, defcending from 
great heights and occasioning a copious evaporation, cool the air 
to a great degree. The north and north- eaft, on the contrary, 
unlefs immediately fucceeding great rains, (for then they increafe 

the 
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(he evaporation) difperfe the clouds, and proceeding from coun- 
tries then fomewhat heated, allow the fun's rays their natural 
calefaclive effect. But why winds from oppofite points fhould 
prevail in different years, cannot be known, until the contempo- 
raneous ftates of the atmofphere between the northern tropic 
and the equator, are known. It is poffible that frequent hurri- 
canes and tornadoes, during which a quantity of air may be 
deftroyed and converted into water, may demand an annual 
fupply from the north, and thus occafion our north and eaft 
winds; and the abfence of thefe phacnomena may occafion an 
influx from the fouth, if the north and call arc fummoncd to :t 
different quarter, by fimilar caufes. 



lahe 
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Table the Second. 



Autumnal Equinox. 


Midwinter. 


Latitude. 


Mathenut. 


Real Mean. 


Mathemat. 


Real Mean. 


0° 

10 

20 

30 

40 

49 
50 
60 
66,35 

70 
80 
90 


88° 

86,5 

82,69 

76,21 

67,41 

61, 

56,56 

44 
39,8i 

30,99 
15,28 

9,6 


84 

84,6 

80 

73,5 

70,5 

59 

58,5 

48 

48 

39 
33>5 


80,^7 
69,66 

58 

44,54 

30,55 

18,23 

16,71 

4.73 

i,3 2 

0, . . 


83° 

78,5 

7M 

64.5 

54 

4; Lambert. 

44 
34 
30 Lambert. 

27 
22 



On 
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On this table we may remark, 10. That though the mathema- 
tical temperature of the autumnal equinox be exaclly the fame 
as that of the vernal, yet the real is much higher, of the 
hemifphere being cooled during the winter is flowly heated, and 
being heated during the fummer is flowly cooled. 

2do. That in confequence of this circumftance, the real tem- 
perature of the autumnal equinox approaches much nearer to the 
agronomical than does that of the vernal, until wc arrive at lati- 
tude 70 and the higher latitudes. 

3tio. In all latitudes above the equator a cold approaching to 
the agronomical is fcarce ever felt at fea in winter; to what can 
this be attributed but to the equatorial effluence ? For other caufes, 
viz. evaporation, and the frequent intervention of clouds, or at 
leaft haze, intercept the fun's rays, and confequently fhould cool 
the air even below the aftronomical ratio which fuppofes the inci- 
dence of all the rays ; in latitudes above 20 Q the differenee is 
enormous. 

4to. At the diftance of fome hundred miles from the coafis of 
the Atlantic, in latitudes above 40°, the cold is much more mo- 
derate than the mathematical ratios indicate, in mod years; owing 
to the above-mentioned caufe, and to the reign of weflerly and 
Vol. VIII. 3F fouthcily 
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fouthcrly winds, which convey their heat to a eonfiderable diftance 
before they are cooled. 

But in latitudes between $$ 0: and 36? a degree of cold far 
fuperior to the ailjonomical has often been obferved, and parti- 
cularly of late r and in, countries not very diftant, or even border- 
ing on the Atlantic. Thefe extraordinary feafons may be attri- 
buted partly to the abfence of the fuperior effluence or its refri- 
geration in communicating with air replete with* vapours,, and 
partly to the prevalence of eaft north-eaft winds which proceed 
from the interior and coldeft parts of our continent, and hence 
the cold of the year 1776, fo well defcribed by Van Swinden, 
feems rather to have followed the order of the longitudes than 
of the latitudes. Wargentin, ecretary to the Royal Academy of 
Stockholm, informs him that the cold obferved that winter in 
Stockholm was not at all extraordinary, and expreffes his furpfife 
that it mould have been fo rigorous in Germany,France and England. 
Mem. Paris, 1776, p 129. Nay it appears that the north-eaft 
wind which raged fo furioufly in Holland and at Montmorenci, 
latitude 49 , on the 27th (See Van Swinden, p. 40) had not been 
at Peterfburgh on the 1 8th, nor any day after ; for a perfect calm 
reigned on that day, and the high winds of the remainder of the 
month were from the north-well, Ad. Pctropol. p. 582. It is 
therefore f probable that this wind proceeded obliquely from the 

eaftern 
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eaftern and fouthern parts of Ruifia, and may have been derived 
from latitude 55 and longitude 40 , and originated on the At- 
lantic, lat. 40 , and hence the utmoft rigour of this cold was 
fooner perceived in the fouth of France, as Tholoufe, Marfeilles, 
&c. than in the more northern latitudes, as may be feen in Van- 
Swinden's general table, for it reached thefe towns on the 18th 
or 19th of January. In the more northern latitudes it was felt 
only on the 27th ; it is true its date at St. Jean de Luz, latitude 
43 , is January 28th in the general table, btit this is a miftake, 
as may be feen, p. 181, for January 19th is there faid to be the 
true date, and, p. 179, it is faid that the iSth or 19th of January 
are the days oa which the greateft cold was obferved in all places 
fouth of the Garonne ; which fully confirms my former ftateffient 
that the wind which produced this cold originated in the fouth- 
weft, and thence was gradually propagated northwards and eaft- 
wards. All the minuter modifications of this cold, in places not 
very diftant from each other, may be afcribed either to recent 
falls of fnow, the proximity to which muft effecl: more or lefs 
the thermometers, the greater or leffer abundance of vapours in 
the atmofphere, and other circumftances too tedious and minute 
for infertion in this general view. 

Snow falling from fome height in the atmofphere is generally 
for fome time furrounded with an atmofphere much colder than 

3 F 2 the 
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the- ak fome feet above it, as Mn Wilfon obferved, though it did 
not occur to him that the cold was communicated to the air by 
the fnow, for he thought it highly remarkable that a thermome- 
ter hung 24. feet above the fnow was four degrees lefs cold than 
one fufpended 2j feet above it. Phil. Tranf. 1780, p. 462. Yet 
Mr. Boyle has long fincc noticed a h'milar fad, (1 Boyle Abridg. 
p. 629) as related to him by fome navigators, and Fofter exprefsly 
mentions, that being to the leeward of an icy mountain (probably 
many feet diftant) the thermometer funk four degrees, and role 
to its former height when he had patted that mountain, (Obfervat, 
p. 73) but when there is- not a recent fall of fnow, the air fcveral 
feet above the furface of the earth is generally colder (when no 
great evaporation takes place) than that nearer to its furface. Thus 
during the intenfe cold of January 1776, there having been no 
fall of fnow (ince the 24th, Van Swinden found the degree of 
cold on the morning of the 27th to be 8^,25, while Camper, in 
the fame ftreet, whofe thermometer was fome feet nearer to the 
earth, found it only 6°,'5. See Van Swinden, fur le froid. 
de L'Annee 1776, p. 24, 25, 28 and J76. 

Section 
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Section VII 

Of the Temperature of the Southern Hemifphere, 

That the fouthern hemifphere. is colder .■ than the northern is 
the general opinion. I Gentil Voy. p. 114. That it is fo, during 
its fummer feafon, can fcarce be denied, at leaft in latitudes above 
40P. 

But the winter of this hemifphere feems -not to-be as cold as 
ours between the fame parallels (fee^ Eftimate of the temperature 
of different latitudes, p.' 51); the higher latitudes are rarely na- 
vigated during their winter.. 

CEpinus, reafoning on agronomical principles, 1 attributes the 
inferior temperature of the fouthern hemifphere to the fhorter 
abode of the fun- in the fouthern tropic* fhorter by fe'ven days, 
which produces- a difference; of fourteen days in favour of the 
northern hemifphere; during which more heat is accumulated; 
and hence he infers that the temperature of the northern hemif- 
phere is to that/of the.fou.them as 189,5. 'to. 175,5 or as 14 to. 13. 
Mem.Eeterib,- 17615 

On 
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On the other hand, Mr. Prevoji, of Geneva, and of the Aca- 
demy of Berlin, grounded on phyfical confiderations, namely, 
that the fouthern winds incroach three degrees on the northern 
fide of the equator, and that the north trade wind reaches no 
farther than to the fifth degree, even on the north fide of the 
equator, infen that the temperatures of the north and fouth feg- 
nicnts, taken on thefc limits, arc to each other inverfely as the 
fegments, and hence calculates the temperature of the north feg- 
ment to be to that of the fouthern as r i to 9. 38 Roz. Jour, 
p. 369. He would have flated this ratio * ftill higher, if he had 
obferved, as Moore does in his late excellent Treatife on Navi- 
gation, that the northern trade wind extends only to the tenth 

degree 

* Some, I know, objett that no ratio of heat can be juft, becaufe its firft origi- 
nal degree cannot be found by observation; but of what quantity can the abfolute 
unit be rigoroufly found ? Mutt we therefore difcard the units of weights and 
meafure? The higheft degree of cold mult vary in various fubftances like fufi- 
bility, for it muft be that, beyond which the attractive power of their particles 
ceafes, the refiftence to a nearer approach being infinite •, now the force of this 
power muft and does vary in various bodies, and therefore the point or degree at 
which it reaches itt maximum muft vary alfo ; with refpecl. to air, I have reafon 
to think it does not exceed 335 degrees below the freezing point. With ref- 
pec"t to other bodies, 72 beneath the freezing point may to moft practical' purpofes 
be aflumed as the maximum of cold, being the degree at which mercury freezes. 
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degree of the north latitude, more or lefs according to the fun's 
declination, p. 126. 

Various obfervations tend to juftify both thefe ratios, when 
applied to different latitudes, but neither of them apply within 
certain other latitudes. 

The following table exhibits, as far as I Can collect, the 
mean heat of the correfponding latitudes of each hemifpherc at 
fea, during the fummer months of each, extracted as to the 
fouthern hemifpherc, from the journals of Cooke, La Pcyroufc, 
Dalrymple and Marchand ; in low latitudes the winter months 
alfo. 



SOUTHERN. 
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n 
V 


SOUTHERN. 


NORTHERN. 


Latitude. 


60 

Q 




Correiponding Months. 






Decmbtr. 
From the 9th to the 15th, indufWely 

Mun - 83"t$7 


June. 

I cannot exadtfy ftate the mean of the 
firft 10 degrees daring this month, but 
from latitude ic° to ij° 


From Lat. 
to 


0° 

■ 5 » 






3d Cook'i 'Voy. Table 6th. 


the mean is - 84 , 






From the 7th to the 20th - 78°,5 


Mean - - 83°,; 




H° 


La Peyroufe and in Cook - 8;°, 


This agrees nearly with Epinus's 
determination. 






Mean - 8i°,7 








April. 


OSober. 






From the 9th to the 23d, inclufively 






iS° 


Mean - 8t°,i8 


Mean of the Month - 8o*, 






3d Cook's Voy. 








July. 


January. 




22° 


From the 18th to the 27th, inclufive- 


Mean heat of an equal number of 




'3 
2 4 


ly, 4 days in lat. 22°, 2 days in 
lat. 24 , 2 days in lat. 25 , and 
2 in lat. 26 . 


days in fimilar latitudes, north 67 Q , 
Hence the fouthern winter is warmer 




and 




than the northern. 




26 


Mean heat - 72°>5 
3d Cook's Voy. 





March 
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Latitude. 

From Lat. 
to 



CO 



If 



SOUTHERN. 



March and April. 

Five laft days of March and fix firft 
days of April, mean - 71 , 

La Peyroufe's Voy. 



NORTHERN. 

Correiponding Months. 

September and 03ober. 

Mean heat of an equal number of 
days - 



If* 



34 l 



March and April. 

15th March - - 69 

3d April - - 76 

iothdo - - 69 

Cook's 4th and 1 9th table, mean 7 1 

But would certainly be Iefs if the 
whole of April were comprehen- 
ded. 

ift of March (Marchand) - 7*°,5 



September and OBober. 
Mean of both months equal 
Of September 



May. Cape of Good Hope. 
PerSparman - 58° 



June. 
Per Sparman, mildeft winter 57* 



69* 
7**»S 



November. 



Mean heat 



6t°, 



December. 



Mean 



Voi-VIII. 



3G 



6o°, 



Augufl 
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P 


SOUTHERN. 


NORTHERN. 


Latitude 


Q 


Auguft. 


Correfponding Months. 
February, 






From Lat. 


34° 


Mean (per Dalrymple) - 62°,7 


Mean " - 63°, 




Ntvemter, D/ermitr, January and 
February. 


May, June, July and Auguft. 






Per Stavorinus's account of the 
mean of the aggregate of the 
four month* - - 74°>5 


Mean of the aggregate at fea 7**>5 
That of land is higher. 






December the 3d, (Cook's) 64, 








January 21 ft (La Peyroufe) 72,5 






March. 


September. 




39* 


From the 5th to the tub, per 
Cook - - - 67°75 

But the remainder of the month 
probably colder. 


Mean - - 71% 




January. 


7«*. 




43° 


1 
From the 1 9th to the 31ft, mean 59 ,44 

Hotteft day - 67,5 

ColdeQ: - - 56 

Cook. 


Mean of the fame days - 65% 



December 
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« 1 

<u 1 


SOUTHERN. 


NORTHERN. 




Latitude. 


Q 


December. 

From the 9th to the zzd (La Pey- 

roufe), mean - - 50°»4 

And in lat. 42 and 43°,.tbe hot- 
ted day did not exceed - 55,6 


Correfpondiog Months. 
June. 
Mean 




From Lat. 
to 


44° 


67; 




December. 


June. 






48 


From the 15th to the agth, mean 43°, 


Mean 


6i°. 




Jamuuy. 


>h- 








From the ift to the 5th and from 
the 10th to the 15th, inclufive, 
mean - 47 , 

La Peyroufe. 


Mean ... 


6$: 




Janury and February. 


July and Augu.fi, 






S 8° 


From the 29th Jan. to the 8th 

February, mean • 43°»7 

La Feyronfe. 


Mean - 


S6°.S 



Hence we fee that up to latitude 40 the temperature of the 
northern, is to that of the fouthem nearly as 1 4. to 13,5, and from 
latitude 40° to latitude 50 as 1 1 to 9, and from latitude 50® to 
6o° as 8 to 6 nearly, in the fummer feafon. 

3 G a CHAP. 
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CHAP. IV. 

Of the Denfity of the Atmofphere. 

Dtnfity is the relation which the quantity of matter in any fub- 
fiance bears to the bulk of that fubftancc. It might as well have 
been faid, that it is the relation that the bulk of any fubftance 
bears to the quantity of matter contained in it, had it not been 
that the quantity of matter remains unaltered while the bulk varies. 
As the quantity of matter in all ponderable fubftanees is propor- 
tioned to the weight and is no otherwife dlfcoverable, the weight 
is often fubftituted for the quantity of matter. Hence the mafs of 
any body is equal to its denfity multiplied into its bulk.. 

To compare with precision the bulk and quantity of matter in 
any fubftance, it is neceffary that a given weight and a given bulk, 
be affigned, in which the relation betwixt them is afcertained and 
expreffed in known weights and meafures, which may ferve as a. 
Jlandardm all other cafes. 

The bulk of all elaftic fluids is affecled and varied both by a va- 
riation of prtjfion and a variation of temperature ; to aflign therefore 
a general flandard for the denfity of thefe fluids, it is neceffary to 

difcover 
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difcover fome general circumftance in which a known preflure, a 
known temperature, and a known weight may be afcertained as 
nearly as phyfical refearches admit or demand. Now this known 
and general circumftance is the temperature of the congelation of 
water, or 32 on Fahr. thermometer, or o of Reaumur, . and is in- 
variable all over the globe. The known prejjion is that of 30 
inches Englifh of mercury, whofe fpecific gravity in temperature 
6o' or 62 is 13,6 nearly, on a bafts of one fquare inch Englifh 
meafure ; a preffion which may be univerfally afcertained, as mer- 
cury may be eafily purified fb as to poflefs that fpecific gravity, at 
leaft very nearly, and minute precifion is in moftcafos. unncceffary, 
at leaft in meteorology. And, laftly, the knQV/ti\meafure is 87 feet, 
or 1044 inches, or 14,5 Englifh fathom, this being, the quantity of 
air which in this eircumftanee weighs as much as onertenth of a 
cubic inch, of mercury, that is, 344,3a grains at the level of the fea, 
at which the general mean height of the barometer is 30 inches. 

This determination pofteffes this peculiar advantage, that if the 
preffion varies^ the temperature 3 2° remaining unaltered, (as when 
the barometer ftands above or below 30 inches) the meafure or 
number of fathoms of air that poffefs this weight may be difcovered 
by the table of common logarithms, rejecting the chara&eriftie ; for 
if the barometer ftands at any given height, then fubftra&ing from 
the four firft figures on the left of its logarithm, the four firft 

figures 
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figures of the log. of a number one-tenth lower, the remainder 
thus found gives fathoms, and the refidue, decimal parts of fa- 
thoms. 

Fathoms multiplied into 6 give feet, and multiplied into 72 
give inchrs. Ttie fathoms, feet, and inches are paralelipipeds, 
which, for the purpofe of finding their weight, I fuppofe to ftand 
on a bafis of one fquare inch ; confequently the inches are cubic 
inches, of which 1728 make one tabic foot> as do 144. of thefe alti- 
tudinal paralelipipeds, feet j and fb do 24 of thefe paraleli piped 
fathoms. All this is commonly known, but is proper to mention 
here for greater clearnefs. That at the temperature of 32° the 
difference of the logarithms gives the height of air in Englifh mea- 
fure, has teen fhewn by General Hoy. Sir George Schuckburg 
indeed fuppbfes this to happen at the temperature of 31^,24, but 
the difference is of no confequence. 

Though this fubjec"t is perfectly elementary, yet fome examples 
and the folution of a few problems will be ufeful to thofe that are 
little accuftomed to it. In thefe I all along fuppofe the tempera- 
ture conftant, namely, at 32 p » 

Examples. 
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Examples. 

Barometer being at 30 inches, what is the length of a 
vertical column of air that weighs as much as the tenth of a cubic 
inch of mercury ? 

Here 29,9 is the number which is -^ lower than 30. Then 
log. 30 — log. 29,9 gives the length required, in fathoms and 
parts of fathoms. Log. 30 = 477121 

Log. 29,9= 475 6 7» 

Then the length required is - i4>$o fathoms. 

1 M h i 

Here 14, is the difference of the four firfl figures of the 
logarithm, and 50, that of the two lafl figures, and therefore deci- 
mal parts. 

Note. — When the barometrical height or heights are marked 
by mixed numbers, their logarithms muft be fought as if they 
were integral numbers, and if one of them be an integer, it muft 
be raifed by the addition of a cypher w cyphers to the fame 
numberof place* as the other has. 

Tau* in the above example 29,9 is conlidered as 299, and 
30 as 300. 

Second. 
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Second. 

Barometer being 49,5, what is the length of a vertical co- 
lumn of air that weighs as much as ~ of an inch of mercury ? 

Here the number next lower is 29,4. 

Then log. 295 = 469822 
log. 294 = 468347 

14,75 fathoms. 



Here the preffute being diminifhed the length is greater than 
in the former Example. 

Third. 

Barometer being 29,54, »what is the length of a vertical 
column of air that weighs as much as v. of an inch of mer- 
cury ? 

Here the number 29^4—0,1 — 29,44. Then log. 2954=470410 

log. 2944=468938 

Length = 14,72 faths. 
Fourth. 
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Fourth. 

Barometer 30,05, what is the length of a vertical column 
of air that weighs as much as JL of an inch of mercury ? 

Here 30,05—0,1=29,95. Then log. 3005=477844 

Log. 2995=476397 

Length — 14,47 fathoms. 



fifth. 

Barometer 28,77, (which is its mean height at Geneva) 
■what is the length of a vertical column of air that poffeffes the 
above-mentioned weight ? 

Here 28,77—0,1 = 28,67. Then log. 28,77 = 458940 

Log. 2867 = 457428 

Length = 15,12 fathom. 



Hence they breath, at a mean, lighter air than we do in Dub- 
lin, in the ratio of 1412 to 1450, at the temperature of 32$, 
and alfo drier. 

Vol. VIII. 3 H Sixth. 
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Sixth, 

Barometer 30, what is the length of a vertical column of 
air that weighs as much as ?V of an inch of mercury = 172,16 
grains ? 

— rV=°»°5 and 30— ,05=29,95. Then log. 3000=477121 

Log. 2995-476397 

Length = 7,24 fathom, 

which is nearly the half of the weight of ■— of an inch of mer- 
cury. In this manner, the length correfponding, to any other pro- 
portional part of an inch of mercury may be found. And reci- 
procally, the weight being given, the length of the vertical column 
pofleffing that weight may be found, firft feeing what proportional 
part of the weight of an inch of mercury, viz. 3443,2, the given 
weight makes. 

Seventh. 

Barometer 29,5, what is the length of a vertical column of 
air that weighs as much as one inch of mercury ? 

Here 29,5 — 1, = 28,5. Then log. 295 = 460,822 

Log. 285 = 454845 

Length = H9>77 fathom. 
Eighth. 
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Eighth. 

Barometer 30, what is the weight of a cubic foot of air in 
this temperature (32 ) ? 

We haVe already feen in the firft example, that 14,5 fathom 
of air weigh 344,32 grains, arid alfo premifed that one cubic foot 
= 24 fathom. Now as 14,5. fathom 344,32 grains :: 24. fathom 
569,99 grains (nearly 570 grains). Barometer 29,5 a cubic foot 
of air weighs but 560,249 grains. See fccond Example. 

Note. — The weight of a cubic foot of air in lliis temperature 
being thus found barometer 30, the Weight of a cubie foot of air 
at any other barometrical height below 30 inches (=B) may be 
found though not exactly, yet very nearly, the difference not 
exceeding half a grain, for as 30. B :: 569,99.x. Thus as 30.29,5 
:: 569,99 to 560,49, which differs only by 0,241 from the truth, 

And if the barometrical height given exceed 30 inches, then as 
B.30 :: x. 569,99. 

So alfo 144 altidudinal feet on a bafis of one fquare inch, 
weigh, barometer 30, 569,99 grains j foalfo do 1728 cubic inches, 

Hh 2 from 
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from which the weight at any other barometrical height may 
in the fame manner be deduced. ~ Thus barometer 30 in tem- 
perature 33°, iooq cubic inches- of air weigh 329,855 grains; 
then if the barometer be at 29,5, then 1000 cubic inches of air 
will weigh by this rule 324,357 grains j for as 30* 29,5 :: 329,855. 
324,357, but more exactly 324, 218; for fince a cubic foot of 
air at barometer 29,5 weighs 560,249 grains; then as 1728. 
560,249 :: 1000. 324,218} the difference however is inconfide- 
rable. 

To expedite calculations of the weight ©fair, I have formed the 
annexed table of the weight of 1000 cubic inches of air (equal 
13,888 fathom* or 83,333 feet,) at the following barometrical 
heights*. 



Weight 
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Weight of iooo Cubic Inches of Air at Temperature 31*. 



Barometer. 


Grains. 


Barometer. 


Grains. 


Bororaeter. 


Grains. 


3'»— 


340,84 


3C3 


3"»» 


a8,6 


303.4 


.9 


339.74 


>a 


321,0 


.5 


30*,3 


,8 


338»6 


,i 


3 "9.9 


.4 


30",* 


.7 


337.5 


*9»— 


318,8 


.3 


300,1 


fi 


33M 


.9 


3«7.7 


.» 


299,0 


>5 


335.3 


,8 


j 16,6 


.« 


*97.9 


>4 


334.» 


.7 


3 '5.5 


»7.— 


296,8 


»3 


333.«- 


,6 


3M.4 


.9 


*9S.7 


»a 


33*»° 


.5 


3*3.3 


,8 


294,6 


,« 


330.9 


.4 


312,2 


.7 


*93»5 


3©>— 


3*9.85* 


.3 


3'«>i 


,6 


292,4 


.9 


3*»»7 


,* 


310,0 


.5 


*9'>3 


,8 


3*7.6 


.' 


308,9 , 


>4 


390,* 


»7 


3*6,5 


38,- 


307,86 


.3 


289,1 


,6 


3*5.4 


.9 


306,76 


»* 


288,0 


>S 


3*4.3 


.8 


3»5»66 


»i 


286,9 


»4 


3*3»* 


.7 


304.5 


36,- 


*8s,a 



* Morecxaflly 329,810. 



Barometer, 
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Barometer. 


Griuaf. 


Barometer. 


Grains. 


Barometer. 


Grains. 


*Sf9 


284.7 


•4t— 


263,8 


*3»* 


*4»>9 


.8 


aBj,6 


•9 


262,7 


22,— 


241,8 


.7 


'8s>S 


«8 


261,6 


»9 


240,7 


,6 


281,4 


,7 


260,5 


,8 


*39»<S 


.5 


280,3 


,6 


2S9.4 


»7 


*38,5 


.4 


479. 2 


»5 


^58,3 


,6 


237.4 


.3 


278,1 


.4 


257.2 


«5 


236,3 


i2 


277*0 


»3 


zjf^t 


»4 


235,2 


>t 


»7S>9 


»2 


*5S»o 


»3 


234.» 


*s.— 


274.8 


»« 


*».9 


>> 


*33.° 


.9 


»73>7 


23.— 


*5*»8 


.1 


*3'.9 


,8 


272,6 


>9 


35I.7 


21,— 


230,8 


»7 


*7i»5 


-.8 


2$o,6 


»9 


229,7 


,6 


270,4 


>7 


«49>5 


,8 


228,6 


»5 


a$9>3 


,6 


148,4 


.7 


"7.5 


•4 


268,2 


»5 


a 47>3 


,6 


226,4 


»3 


267,1 


»4 


246,2 


>S 


"5.3 


»* 


266,0 


>3 


«45»* 


.4 


224,2 


»* 


264,9 


»* 


244,0 


»3 


223,1 



Barometer, 



[ 435 ] 















Barometer. 


Grains. 


Barometer. 


Grains. 


Barometer. 


Grains. 


Sit* 


222,0 


20,4. 


213,2 


19,6 


105,4- 


>! 


220,9 


»3 

• 


212,1 


»5 


204,3 


ao,— 


219,8 


>i 


211,0 


•>4 


203,2- 


»9 


*i8,7 


»i 


2!0»§ 


>3 


20 2, t 


,8 


217,6 


>9»— 


209,8 


»*. 


201,0 


.7 


216,5 


»9 


108,7 


»• 


200,9 


,6 


*»5»4 


,8 


207,6 


.8,- 


<99> 8 


>5 


*>4.3 


.7 


206,5 







And in general the weight of 1000 inches, barometer 3.0 being 
given, the weight at any proportional part of 30 may be found, 
it being the fame proportional part of the weight at 30. 

Thus the weight at barometer 30 is 329,85 5 then 20 being -3 of 
30 the weight at barometer 20 is *. of 329,855 grains = 2i9,8 grains 
as in the table. The weight at barometer 10 (being \ of 30) 
is 109,7 grains, the weight at barometer 1 is 10,99, the weight 
at barometer o, 1 is 1, 099 grains. 

The weight of 1000 inches ftanding on a bafis of one fquare 
inch, barometer 30 is 329,855 grains. 

Note. 
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Note. — Alfo that iooo inches = 83,3333 feet (landing on the 
fame bafis; and confequently poffefs the fame weight, as do alfo 
13*8888 fathom. 

Problem, 1. 

To find the height "that mercury would ftand at, in a ba- 
rometer at a given elevation in the atmofphere, the height at 
which it ftands at the bottom of that elevation being alfo given, 
and the mean temperature of the air being alfo 32 . 

Solution. 

If the height be given in feet or inches, convert them into 
fathpms or parts of a fathom. Subtract thefe fathoms (or parts 
of a fathom) from .the log. of the height of the lower baro- 
meter, the remainder will give a logarithm belonging to the 
natural number, denoting the inches at which mercury fliould 
Hand in a barometer on that elevation. 

Example. 

Barometer below being at 30 inches, at what height mould 
mercury fland, on an elevation of 1000 feet? Mean tempe- 
rature 3 2 .. 

Heue 
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Here ioooo feet — 1666,66 fathom. And log. 30 — 477m. 
And 4771,21 — 1666,66=3104,55. 

Now in Shcrwin's table I find log. 31045 correfponds with the 
natural number 20,439 at tms height, therefore the mercury in 
the upper barometer will (land. 

Problem, II. 

The height of mercury in a barometer on a certain elevation 
being given, to find the height of the mercury in a barometer at 
the bottom of that elevation. Mean temperature, 32. 

Solution, 

Convert the feet or inches exprefling the elevation into fa- 
thoms, or parts of a fathom. Add theft: fathoms, &c. to the 
four firft figures of the log. of the number of inches at which 
the mercury fiands in the upper barometer, the fum will give 
the logarithm of the height of the mercury in the lower baro- 
meter, which feek in the table, 

Example. 

The upper barometer Handing at 20,439 on an elevation of 
1 0000 feet, at what height does it Hand in a barometer at the 
bottom of that elevation. Mean temperature 32 ° ? 

Vol. VIII. 3 I Here 
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Here i oofto feet = l€ l 6^,66 fathom. And &e lbgv of 20,439 is 3 1 645 9. 
Now 310459+166666 = 4771125 which cdrrefjtanti With the 
natural number 30. This then is the mercurial height in ' the 
lower barometer. 



Corollary. 

Hence an elevation, and the mean temperature of 3a being 
given, the height at which two barometers would Hand may be 
found, if the height of either be alfo given $ otherwise the 
problem is undeterminate, and recourfe muft be had to the ge- 
neral pofition,. that the mean height of a. barometer ftanding at 
the level of the fea is 30 inches-. 

'But odft.'-^'ttfet if the height of tfre mefcttfy : ita b6th baro- 
meters be not equal, they ftfuft be equalized as to that cif- 
cumftahce, "by e!xtfaci:ifig Che e^Tefs 6f *orie 6ver the other, 
arifing from the eip'atm&ft of metctii-y by heat. The method I 
employ of effecting this equation is fifriilaf fo that deviied 
by Dr. Horfely ; namely, by fubftracling the degrees of heat of 
the colder barometer, from thofe of the warmer, and multi- 
plying the difference into 0,4a, and fiaMrik&teig i?hi* priKkuSt from 
the difference of the logtafttbms. 

Problem 
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Problem, III. 

Th<e freight at which Mercury ftands in two -barometers, one 
at the fummk of any elevation, and the other vertically under 
it, or at leaft not more than ten tailed diilant #Vom a vertical 
fituation (die nearer the better), and the mean temperature being 
ga e ; to find the mtafure of that elevation, and the weight of 
of the intermediate column of air. 

Solution. 

Find the logarithms of thofc mercurial heights. The differ- 
ence of the four firft figures on the left of thole logarithms 
gives the meafure of that elevation in Englifh fathoms ; and the 
difference of the remaining three figures gives the decimal parts 
of thofe fathoms, the whole multiplied into fix gives feet, or 
mult ; p]ied into 72 gives inches, as already faid. The height of 
the mercury in both barometers fhould be taken at the fame 
inftant, after allowing them fufficient time to aflume the tem- 
perature of the air, or at lead to cool. 

To find the weight of tne intermediate column of air, ob- 
ferve by how many inches, or parts of an inch, the mercury 

$1 2 in 
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in the upper barometer differs from its height in the lower t»' 
rometer. The weight of the intermediate column of air is 
juft equal to the weight of that number of inches, or parts of 
an inch of mercury. Now a cubic inch of mercury, tempera- 
ture 32 , weighs 3443,2 grains; therefore if the mercury in the 
upper barometer has fallen n inches, or parts of an inch, the 
intermediate column will weigh 3443,2 n. Thus if the mer- 
cury has fallen only JL of an inch, the weight of the interme- 
diate column of air is 3443,2 xo,i = 344,32 grains. 

Problem, IV. 

The elevation being given, and the height of the mercury 
above and below being found, to find whether the mean tem- 
perature of the intermediate column of air were above or 
below 3 2 or at 32 exactly. 

Solution. 

If the number of fathoms in the elevation exaftly cor re/ponds 
with the difference of the logarithm of the mercurial heights 
then the mean temperature of the column was exactly 32°. If 
the number of fathoms in the elevation exceeds the number 

indicated 
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indicated by the difference of the logarithms, then the mean 
temperature was higher than 3 2 . If it falls fhort of the num- 
ber indicated by the difference of the logarithms, then the 
mean temperature was below 32 . 

Section, II. 

Having found and determined by its weight the denfity of 
air and that of its variations, as far as thefe may be occafioned 
by the natural variations of prejidn in the temperature of 32 , 
it now remains to determine how far under each degree of 
preffion it is altered by variations of temperature above and 
below 3 2 . 

There are few fubjeels on which the opinions of philofo- 
phers differ fo widely as on this. The principal reafon of 
which variance appears to me to have been, that the experi- 
ments they appeal ta were made in manomeeers of different 
dimensions in the bore and of glafs differently composed and 
differently heated during its fufion. From this laft circum- 
ftance its conducting power with refpect to heat is various-, 
but in all forts of glafs veffels air adheres to them with more 
or lefs force, according to their comppfition, in low heate 

(that 
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(that is beneath 170?), and moil in the loweft, and in thofe 
srhpfe bore i 3 fmalleftj hence much heat is loft in vanquifhing 
this, adherence, and, when it rifes or falls, it does fo by irregular 
jumps or ftarts, to fay nothing of "the internal inequalities of 
the bore, nor of the adherence of the mercury which confines 
the air. 

The perfiwi who, as appears to me, lias ,moft fuccefsfuJly 
avoided or leuened moll of thefe obftacles is Mr. Schmidt, 
Profeffor at Gieflen. The defenption of his apparatus is too 
prolix for iniertioa .and cannot be und^rftood without a plate. 
It may be feenin4 Gren's Jousnal. His experjmeuts were made 
partly on air artificially dried, and partly on air artificially 
moiflened, but the degree of moifture was determined by no 
known hygrometer. However he , found the sspanfions of 
-dry air -to be exa&ly .proportipnal ,to the degrees of heat it was 
expofed to, and m this poiat he agrees with D'Amontons,. Lam- 
bert and De L*jc. Sir George Schnokhwsg, abating fome in- 
<;dnfiderable variations, draws the fame eonchiftoja in all heats 
from 32 Q to 8.3° under a preffion of 30^ inches of mercury, 
and infers from the mean of thirteen experiments that iqoo 
meafures of air gain 2,43 by each degree of Fahr. abo,ve 32 
and gain the fame increafe under a prefiure of 40 inches or 
#£,5 inches of mercury. This laft point however is contra-* 

ditfed 
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dieted, and as I think, very reafonably, by D'Amontons, Lambert, 
and lately in an excellent raemoice of Monge in the 5th vol. of 
the Annates de Chemie* 

Bv the experiments of general Ray, and thofe of Prieur Duver- 
nois, 1 Amu Chentz'e, the expailfions of air are various at various 
degrees of heat. See Fhik>f. Tranfaftions, 1777. The general 
alfo afferts, that air under a preffure of 30 inches of mercury, or 
only of 25 inches, undergoes 1 fimilar expanfions, p. 708. 

Rejecting manometers, as I think they Humid be rejected, it 
appears to me that there are thfree lefts by which the fuitablencfe 
of any coefficient fhotHd be tried. The firft is conformity with 

the weight found at 32 . The fecond is the Weight of the fame 
volume of air at different temperatures, found by accurate weigh- 
ing ; and the third is the agreement of barometrical menfuration 
calculated according to the given coefficient, with the geometrical 
menfuration. 

Note.-*- The difference betwixt $z* degrees and any degree 
above ot beloW^ it I fliall call in the fequel the fundamental 

difference. 

Exa/mhdtfon 
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Examination of Scbuckburg' s Coefficient by the jit ft Teft. 

JPirJi Experiment. 

Barometer 29,27 inches (29.3) ) 1*. He found a bottle containing 
TJiermometcr 53 3 13558,5 grains of water^ and con- 

fequently containing 53,55 cubic inches. As 253,18 grains of 
water occupy the fpace of a, cubic inch, temperature 62 , to weigh 
16,22 grains lefs when exhaufted of, than when full of air, after 
making every neceffary allowance. Philof. Tranf. 1777, 560. 
Confequently 53,55 cubic inches of air of that temperature, and 
under that preffion* weighed 16,22 grains. Now if 53,55 cubic 
inches weigh 10,22 grains, 1000 cubic inches fhould weigh 302,89 
grains, and fhould retain that weight under any diminution of 
volume by cold, as there is no diminution of the quantity of 
matter. 

2do. To- reduce thefe 1000 inches of air to the volume they 
would /occupy at 32 , I find that 53 exceeds 32* by 21 degrees; 
then (ubtra&ing from 1000 inches the number of inches, which 
according to Schuckburg they gained by twenty-one degrees above 
32, namely 2,43 X2i = 51,03 inches, we have the volume they 
would occupy at 32 , namely 948,97 (fay 949) inches. And thefe 
(hould weigh 302,89 grains. 

3tio. 
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3tio. Now by the fable, 1000 cubic inches at 32 , barometer 
29,3 weigh 52a, 1 grains ; and consequently 949 cubic inches 
ihould weigh 305,67 grain' Therefore the error of Sir George 
Schuckburg's coefficient is exactly 305,67 — 302,89 =; 2,78 grains 
in defed ; therefore his coefficient retrenched too little, and ought 
to be higher. It is needlefe to examine General Roy's coefficient 
at this temperature, though it being higher (2,51) it rauft be lefs 
defective* 

The coefficient which agrees beft with this expenmcot is 3,84. 

The eafieft method of finding how many mcafures, 1000 or 
any other meafures of air gain by any temperature above 32*, is 
to multiply 1000, or fuch other meafures, into that fundamental 
difference, and divide the product by 400, that being the reci- 
procal of the coefficient hi , which is that I employ ; as ap- 

1000 

plying more exactly in general than any other, though ia fome 
cafes others may be more exact. 

Second ExpeTtmeftt. 

Barometer 28,77? **• According to Sauffure, hygrometer. 
Thermom. 68 Q ) p. 284, a cubic foot of dry air weighs 751 
grains, barometer 27, thermometer 16^. 

Vol, VIII. 3 K Or 
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Or in Engftfh meafures, &c. 2o<)Oj8 : cubic inches weigh 6i6> 
grains, barometer 28,77, thermometer 68°i confequently looo- 
cubic inches fhould weigh 294,62 grains. 

2do. The difference between 68? and 32° is 36°; Then by 
Schuckburg's coefficient 2\44 X 36, fliould be fubftradled from 100© 
inches to reduce them to the volume thejp would occupy at 32°, 
namely 87,48 inches. Now 1000 — 87,48= 912,52 inches. 

3tio. By the table, 1000 cubic inches at 32°, under the pref- 
fion of 28,7 mercurial inches, weigh 315,5 grains, and confequently 
912,52 inches fhould weigh 287,90, but the number found by 
Schuckburg ? s rule weighs 294,62. Its aberration therefore amounts 
to 6,72 grains in exeefs* This however may proceed from the 
circumftance that this air was perfectly dty> and therefore heaxiei 
than atmofpheric air ufually is- 

The coefficient for this air, which is fat lefs expanfible than 
moift air, feems to be 1,29. 



Third Experiment: 

Barometer 29,84! According to Lavoifrer (See the French 

Thermom. 54,5 y translation of my Effay 0n Phlogjfton, p-39) 

too cubic inches of common air weigh 46 grains, barometer 28, 

thermometer. 
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thermometer io°, or in equivalent Englifh denominations 121 
cubic inches weigh 37,73 grains, and confequently 1000 cubic inches 
weigh 311,81. But this determination not being the refult of 
fingle experiments made in thefe circumftances, but a mean 
collected from experiments made at different barometrical heights 
and in different temperatures, is not fufficientjy rigorous to ferve 
as a teft in this cafe. 



Fourth ExperimtM* 



Barometer 30,32} i . This is one of ninety-eight experi- 
Thermom. 68°. > ments made by me with an excellent air 
Hygrom. 7$ J pump of Haafs's in the year 1786, on the 
weight of air at different barometrical heights from 30,36 to 29,03, 
and at different temperatures from 73 to 41 °. The receiver 
contained if6 cubic inches very nearly, which weighed 34,75 
grains ; confequently 1000 cubic inches fhould weigh 299,56 
grains. 

2do. 68* furpafs 32 by 36 degrees, confequently deducting 
from 1000 what they gained by 36 of heat (namely by Schuck- 
burg, 243x36 = 87,48) there remain 912,52, which at tempe- 
rature 32 weigh 299,56 grains. 

3K2 3tio. 
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gtio. Per table, iooo cubic inches at 32 & ,bardmeter 30,3, weigh 
333,1 grains, therefore 912,52 {hould weigh 303,96 grains. The 
error of this coefficient is therefore 303,96 — 299,56 = 4,4 grains 
in defect ; it retrenches therefore too tittle. 

I shall quote no more of thdfe experiments, as, not having 
made them with a view of fo nice a teft as the prefect, I cannot 
anfwer for their accuracy to half a grain, and the greateft nicety- 
would be requifite. Yet I believe, upon the whole, this to be a 
better method of finding a coefficient than any manometrical ex- 
periments. 

Method of fading ibeCveffkitnt. 

i°. The barometrical height being found to three decimal places, 
and the temperature from 8o* to 33 true to one decimal place, 
and alfo the hygrometer, find the weight of 1000 cubic inches 
of air truly to T V of a grain = W. 

2do. Find the weight of 1000 inches at 32 at the fame ba- 
rometrical height _ /, by the table, or flill more nicely. Now 
fince / denotes 1000 inches, ^Talfo at 32 will denote a lower 
number of inches, fince it is a lower weight $ then -jf f. ioooi: 
W. N. 

3tio. 
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^tio. Let the thermometrical degrees above 32 (that is their 
difference with 32 ) = TX and let 1000 N ^ «, then D x — n, and 

x — This gives the coefficient foueht. 

~D 

Example. 

Thus in the firft experiment, barometer 29,3, thermometer 53°. 
W = 302,89 grains, and / = 322,1 grains. Now fince 322,1 grains 
denote 1000 cubic inches, 302,89 at the fame temperature fhould 
denote 940,36 inches = N. and 1000 — 940,36 = 59,64, the 
number of inches gained by 21 ° of hcatj therefore putting x for 
the coefficient, 21 x — 59,64, and x — 2,84. 

In the fecond experiment I find, by fimilar reafoning, the co- 
efficient to be nearly 2,000, but as this relates to air much drier 
than any hitherto found in the atmofphere, it is only ufeful fo 
far as to fhew that the motfler air is the higher, muft be the co- 
efficient. It varies therefore according to the ftate of the air as to 
moifture between 2, and 3. 

In the fourth experiment,, hygrometer 75"°, I found it 2,77, but 

with us the hygrometer is generally above 8o<\ If, therefore, the 

hygrometrical mean be unknown, I take it that 2,5 is, at leaft of 

round numbers, the fefeft coefficient, 

To 
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To prove the fitnefs of this coefficient it is neceflary to give 
fome inftances of barometrical menfuration, wherein it is juftified 
by refults nearly agreeing with geometrical menfuration. 

Barometrical menfuration is founded on this principle, that 
the denfity of the atmofphcrc and the height of mercury in a 
barometer decreafe in a geometrical progreffion, correfponding with 
an increasing arithmetical progreifion as we afcend into the atmof- 
phere; though it is only in the mean temperature of 32 that 
this geometrical progreifion can be truly indicated in Englifh 
meafures.. The method therefore followed is, after equating both 
barometrical heights fo far as thefe heights are occafioned by dif- 
ference of temperature*. 

1°. To deduce from the corrected difference of the logarithms 
the heights refulting from the geometrical progreffion, as fhewn, 
p. 439. This is called the Logarithmic reftt/t. 

And 2dly, as this height is always inferior to the real height 
when the mean temperature of the atmofphere furpaffes 3a , to 
add to the logarithmic refult, the quantity which that column of 
air gains in confequence of its mean temperature being fome 

degrees 

* The moft convenient mode of correction is fliewn, p. 438. 
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degrees above 32 , the quantity thus found is called the calorific 
rtfult or fupplemental height - y the union of both gives the cam-- 
pleat height. 

Hence we fee the neceflity of having four thermometers, oner 
attached to each barometer to indicate the temperature of the mer- 
cury in each, and two detached, one at the top and the other at 
the bottom, to indicate the temperature of the air ; the mean heat 
of both is fuppofed to indicate the mean temperature of the air, 
and the difference of this mean and 32* rauft alfo be exprefled» 
This I call the fundamental difference. 

3tio. The indications of the instruments being minuted, and 
the barometers, or rather their logarithms, correcJed, as fhewn, p. 438, 
the logarithmic refuit is obtained by fubftra&ing the logarithm of 
the barometrical height at the top from that of the barometrical 
height at the bottom of the elevation, as (hewn, p. 439^ This is 
aifo called the approximate height. 

4to. To obtain the calorific re/u/t, ox fupplemental height,- two 
.produces are neceffary. For, iP. the fundamental difference mull 
be multiplied into 2,5, and divided* by 1000 ; or, more Shortly, 
into ,0025, which is the fame thing. The reafon is this, 1000 
meafures of air at 32° gain by a heat of one degree above 32"*, 2;§ 

meafures ; 
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meafures j therefore by any higher number of degrees above 32® 
they gain ,0025 multiplied into that number. This is the firft or 
fundamental produff. 

ado. Tins produdl multiplied into the logarithmic refult, ex- 
preffcd in fathoms, gives the fecond product, which affords the 
calorific refult or fupplemental height, and which I call the Jiip- 
plcmental produft. For fince 1000 meafures of air gain by multi- 
plication into the number of degrees, expreffed in the fundamental 
difference, the quantity indicated by the firft product, it is plain 
that the meafures indicated by the logarithmic refult would gain 
by multiplication into that product the quantity which refults from 
that multiplication. This product therefore added to the loga- 
rithmic refult in temperatures above 32 °, or fubftracted if below 
3a , gives the compleai meafure of the elevation. 

A few examples will render this procefs more intelligible to 
many. I felect them chiefly from Sir George Schuckburg, becaufe 
he had the rare advantage of having the cotemporaneous indica- 
tions of his inftru«ji©nt8 at one jftation noted by intelligent perfons, 
whib he birnfelf obferved them at another ftation, namely, the 
higheft. General Roy had fometimes the fame advantage, but I 
fear not always, and hence probably the defective meafure of 
Mount Elio m Wales. 

Mcafurement 
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McafuretteM of Mtitrtt Saleve. 
Firft Sma. 

Lower Barometer 28,399, Log, 4534030 "t Heatofdie Mercury below 78* 

Upper - - - 15,712. Log. 4101359 j ,.-._- - above 72V 



1 
J 



Difference = 431,671 V 5°»9X»4 

Correction <— ,236 f — 

Correction s 0,2 36 



Logarithmic Refult 43 1 ,4 3 s fathoms 



Sf*/* gf f£* Atmojpbere and Calorific ktfuit. 



Heaofthe Air above 6e,o "l Ftrft Product. "\ fccrod ProdoA, or Logarithmic Refult, 

..... below 73,9 1 / multiplied into the firft Product. 

" ■ I 3?*4X«ooif > 4J'.4JfXo,oais 

Mean 2)138,9(69,4 \ . — I — — 

I =0,0935 J = 40,334 fathom. 

Fundamental Difference 69^,4 | Compleat Height. 

— 3*» I 43«»435 
+ 40.334 



= 37.4 



= 471,769 fathom X6= 2830,614 feet. 



Trigonometrical height = 2831,3 feet. Error of the barometrical meafurement in minus 
*&3t,3 — 2830,614 ss 0,686 foot 

Third Series >of Obftrvathns on Sakve. Philof. Tranf. 1777, p. 531. 

Lower Barometer 28,393 Log. 4532113 "\ Heat of the Mercury below 71V 

Upper - - - 251690 Log. 4097641 j ..... - above - 69°,7 



1 



Difference = 434*472 \ Difference MX. 4 

Correction — ,56 j ' 

■ I Correction s= ,56 

Logarithmic Refult = 433,912 fathom. J 

Vol. VIII. 3L Calorific 
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Calorific Refult. 



Heat of die Air, above 62* 
----- below 72,5 



*)>J4.S(<57i* 



Firft Product. 
3*» J X .0025 



Mean 67,2 
— 3». 



\ s= 0,088 



Fundamental Difference = 35,2 

Compleat Height. 

433>9«2 
+ 38*184 



Second Product, or Logarithmic Refult, 
multiplied into the firft Produdt. 
433,912X0,088 

= 38, 1 84 fathom. 



Error. 
2832,576 
— 3831,3 



■\ lirro 

f 2»3V 

V —3831, 



= . . , 1 J276 foot in plus. 



— 472,096 fathom X 6 = 2832,576 feet 

Sam of the Errors of both Obfervations. 
1,276 — ,686 = 0,590 of a foot. 

These inftanccs evidently prove, that the errors of the barome- 
trical calculation of heights proceed folely from the difficulty of 
obtaining the true mean temperature of the atmofphere, as there 
are hours in which the afcent of heat does not follow an arithme- 
tical progreffion, as Picket has fhewn, (fuppofing the inftruments 
truly read). The propereft hours are thofe between fun-rife and 
the hotted hour of the day, or between that hour and fun-fet, the 
inftruments being fhaded from the fun, and left a fufficient time, 
(particularly the thermometers) to aflume the temperature of the 

atmofphere. 

Barometrical 
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Barometrical Meafurement of the Height of the Mole. The Geometrical Men/ure- 
ment gives its Height, 42x1,3 Feet > per Scbuckburg. PhiloO Tranf. 1777, 
p. 580 and 581. 

Mole. 



Lower Barometer 28,131 Log. 4491851 
Upper - - - 24,178 Log. 3834204 



Difference == 657,648 
Correiftion — 1,84 



Heat of the Mercury below 6i*,8 
------- above 57,2 



Heat of the Air below 
----- above 



Logarithmic Refult = 655,808 fathom. 

Calorific Refult. 



56, 



Mean = 59,9 
— 3*> 



"\ Firft Product. } Second Produtf . 
27,9 X, 002$ I 0,06975x655,808 

) =0,06975 j =4J,74» 



Fundamental Difference = 27,9 



Error 

4*"»3 
— 4209,3 



: 2 ,o feet. 



Difference 4,6 X, 4 
Correction =r 1,84 



Compleat Height. 
655,80b 
•f- 4S>74* 



=i 701 ,550 fathom X 6 



= 4*°y»jOO feet. 



Weft Summit of Schihallion, from General Roy. Phil. Tranf. 1777, p. 771;. 

r rth of July. 

Heat of the Mercury below 59 ,5 

------ above 46, 



Lower Barometer 29,595 ^og. 471 2 183 *} 
Upper " - - • 26,194 Log. 4182018 



Difference = 530,165 
— 5»4^o 



Logarithmic Refult = 524,765 



Differences 13,5 x ,4 



Correction =i 5,40 



Heat of the air below 56,8 
----- above 45, 

2).oi,(;o,s 

Mean r= 50,; 
— 3*. 



Fundamental Differ. =- 1 8,5 



Calorific Refult. 
Firft Product, -\ Second Product. "\ Compleat Height. 
i«j5 X ,r-o2 , 1 ,04625 X 5*4.76 f 5*4»7^5 

=• > ^—- "— > + 24, 270 

.= 0,04625 1 = 24,270 I 



549»<>35 feth k 6 rr 3294,210 feet. 
And by Trigonometj icti Meafurement = 3*81, 



Error of Barometer 



3L2 



. 13,210 feet. 

Here 
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HfiRB the eiror of my method is 13,21 fleet. Schuckburg's er- 
ror is 11,5 feet, and Roy's— 2 feet. But in calculating the height 
from the obfervations taken the next day, July the 12th, Roy's 
error was . . 39,5 feet, Schuckburg's . . 19,7 feet, and mine . . 20,6 
feet. Phil. Tranf. 1778, p. 68s* 

HfcRt it is evident, that thefe errors arofe from a faulty deter- 
mination of the temperature of the atmofphere, for the approxi- 
mate height found by General Roy, Jury nth, was lower than 
that found July 12th. On the nth it was 3142 feet, and on the 
1 2th it was 3145 feet, and yet the compleat height was more de- 
fective. By my calculation it was higher the fecond day than on 
the firft, and yet the error was mittus^ though plus on the firft 
day. 

I shall here add farther, that the error in calculating the height 
of Snowden, from the obfervations of Augufl 7th, two hours 
P. M. is by Schuckburg's method 8,r feet, by mine 9,7, by Roy's 
3,7; but by the mean of nine obfervations on diilferent days, Roy's 
error is 6,1 ; the calculation that gave the bell refult was made on- 
obfervations at nine o'clock A. M. and the worft were made on ob- 
fervations during a haze or fog, whether above or below ; which 
fhews that the errors Of thefe calculations proceed chiefly from the 
diforderly progredton of heat into the atmofphere. Hence the 
winter feafon is not well fuited to them. 

Having 
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Having given, p. 436, &c. the folution of feveral problems 
when the mean temperature of the atmofphere is at 32 , I fhall 
now fhew how fimilar refults may be obtained when the mean 
temperature is above 32 . 

Problem rft. 

To find the height mercury wouid fland at in a barometer on a 
given elevation in a known latitude in fummer and in clear 
weather, when the height at which it Hands at the bottom of that 
elevation and the temperature of the atmofphere below are alio 

given. 

Solution i°. 

From: the latitude deduce the height of the line of congelation, 
(fee the table, p. 361,) and from the height of this line, and tfte 
temperature of the air below, deduce the temperature at the given 
•height, as fliewn p. 362. The temperature above rrraft alfo be 
deemed that of the mercury in the upper barometer, as, if it were 
expofed to the air a fufficient time, it would certainly affume it. 

2 . Convert the meafure of the elevation into fathoms, 
and fubftracl thefe fathoms from the logarithm of the height 

of 
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of the lower barometer, the remainder will give a logarithm 
which will denote the natural number, which expreffes the 
height at which the mercury will ftand in the upper baro- 
meter. 

But, 3?io. The height of the mercury thus obtained is only 
that which it would have in temperature 32 . To obtain its 
height in the adual temperature above, we muft add to the mer- 
curial height thus found its WW* part, multiplied into the funda- 
mental difference, viz. the difference of the temperature above 
with 32 . 

Note The fupplemental height will generally be obtained more 
eafily by multiplying the fundamental difference into the loga- 
rithmic rcfult, and dividing the product by 400. Or if Schuck- 
burg's coefficient be preferred, by 411. 

• This coefficient I take from that great treafure of mathematical knowledge Dr. 
Hutton'h Dictionary, article Barometer. 



Examples. 
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Examples. 

Sakve. 

This mountain flands in the vicinity of Geneva and nearly 
in latitude 46 ; its height over a certain point of the pla'n 
below was accurately meafured geometrically by Sir George 
Schuckburg, and found to be 2831,3 feet. He alfo gave three 
feries of barometrical obfervations to afcertain its height baro- 
metrically, from the fecond of which feries the indications 
here given are taken, See.Philof. Tranf.1777, p. 530. 

Height of the lower barometer 28,390 Inches. 
Temperature of the atmofphei^ below 7.3°. 

These are the necenary data. The temperature above is part 
of the objed of inveftigation. 

Inv4fligution\of the Height of Mercury in the upper Bar ojnder. 

i°. The temperature of the atmofphere above, by the method 
given p. 362, was found to be 64,16 and by obfervation 64°, 
therefore I neglect the fraction as inconfiderable. This rauft 
alfo here be deemed to be .the temperature of the mercury in 
the upper barometer, though by obfervation it was found higher, 

for 
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for that wa« owing to accidental caufes, viz. the heat of the 
tent in which it flood, and that of the man that carried it, 
and not having been allowed time to cool. 

2do. 2831,3 feet converted into fathoms =471,833 fathoms. 

Log. of 28,390 = 4531.654 
Subftraft the fathoms — 471,833 

Remainder = 4059,821 
which is the logarithm of the height of the mercury in the upper 
barometer, and denotes the natural number and height of the 
mercury = 25,467 inches nearly. 

But this height is that which the mercury would have in the 
temperature of 32 , and the temperature being 64 this height 
muft be increafed by 7 ' T7T part multiplied into the fundamental 

difference, which in this cafe is 32 . Now 2 ^~ ? — ,00265, 

9600 

which multiplied into 32° gives ,0901, and this added to the 
mercurial height 25,467 gives 25,557, its true height at tem- 
perature 64°. 

Is this manner the barometrical heights at the altitudes of the 
line of congelation may he found. Thus the altitude of the 
Une of congelation, latitude o being 28000 = 4666,66 fathom, 

if 
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if the barometer below be at 30 inches we have log. 30= 4771 % 1 
— 4666,66 = log. 010455, which denotes the natural number 
10,244; and if the lower barometer be at 29,8 we have log. 
474216— 4666,66 = log. ^007550, which denotes the natural 
number 10,176. 

And thus we find that the variations of the barometer at 
great heights are generally fmaller than thofe of the inferior 
barometer,* as De Luc and Sauflure have alfo remarked. 

Thus the variation of the inferior barometer in this cafe is 
0,2 of an inch, and the correfpondent variation of the higher 
is only ,0068 of an inch. 

Yet fometimes from local caufes which difturb the natural 
progression of heat, the variations of the barometrical height 
above are greater or fmaller, than, proportionally to the baro- 
metrical height below, they ought to be ; but the difference is 
inconfiderable, though important, when the meafurement of 
heights is aimed at 

Problem II. 

The height of mercury in a barometer at any elevation in 

the atmofphere being given or found, and alfo the height of 

mercury in a barometer vertically below that height, to find the 

Vol. VIII. 3 M weight 

* 7 Sauflure, 8vo. J 2049, p. 388 
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wejght of the intermediate column- of air, on a bafis of one 
fquare inch, let die temperature be what it may. 

Sold -molt. 

This is found as in p. 439, and thus the weight of a column 
©f air of any elevation and temperature, and under any given 
preffion, may be known, firft determining the height or number 
of inches at which mercury would ftand on that elevation by 
the laft problem. 

Thus the weight of the intermediate column of air at Saleve, 
the barometer below being at 28,39 and above at 25,486, was 
28 390 — 25,486 — 2,904 inches of mercury = 3443,2 grains 
X 2,904 = 99990528 grains or 20, £10 troy ounces; whereas the 
weight at the mean temperature of 3 2° would Ivave been 
28,390 — 25,467 = 2,923 inches of mercury = 20,967 troy ounces, 

Note. — The weight of a vertical column of air of a given 
length cannot be determined, unlefs the weight to which it is 
fubjecl: be known, and confequently the height at which mer- 
cury would ftand in a barometer placed over it be alfo known ; 
now this weight is variable according to the flate of the baro- 
meter below, though the temperature fliould be conftant. 

Thus- 
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Thus fuppofing the length of the vertical column 1000 feet, the 
weight of thefe 1000 feet will be greater when the barometer below 
flands at 30 inches, than when it flood at? 29 inches, and confe- 
quently the height of the barometer to which they are fubjecl will 
be proportionably diminifhed — Thus in temperature 32 s3 , baro- 
meter 30, a vertical column of air of 1000 feet in length, that is 
83,3333 feet or 13,888 fathom, weighs 328,8 grains, for logarithm 
30=4771,213. 13,888 fathoms gives the log. 4757325, which cor- 
refponds with the natural number 29,9045 inches. And 30,0000 

Inches. Inches. 

inches — 29,9045= ,0955 and ,0955 of an inch of mercury = 
3443,2 grains x ,0955=3 328,8 grains. — But when the barometer 
below is at 29, a vertical column of 1000 inches will be found 
by a fimilar procefs to weigh 317,9 grains, the upper barometer 
being 28,90772. 



3 M 2 Tabic 
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Table of the Height* of Air in feet, which correfpond with the Weight 
of one tenth of an Inch of Mercytry or 344,32 Grains, from 
Barometer 31 to 15.* Temperature 3a . 



Barometer. 


j Feet of Air. 


3'»— 
30.9 


84.2 


,« 


»4»S 


>7 


84.7 


,6 


85>o 


»5 


85»3 


>4 


85.6 


»3 


85.8 


»* 


86,1 


»i 


86,4 


3Q,— 


86,7 


39,9 


87,0 


»« 


87»3 


»7 


87,6 


.6 


87»9 


>S 


88,* 



Birometer- 



*9»4 
>3 
,a 
>i 

29,— 
»8,9 
,8 

>7 
,6 

»5 

»4 

>3 

»2 

»I 

28,— 

»7»9 



Feet of Air. 




88,j 
88,7 
89,1 
89,4 

89.7 
90,© 

9«>3 
9«»7 
90,9 

9'»3 
91,6 

9<>9 
92,2 

9z,<S 

9*,9 

93>* 



»7.8 

>7 
,6 

>S 

>3 
>z 
»i 

»7»— 
26,9 

,8 

»7 
,6 

>S 
t4 
.3 



Feet of Air. 



93»6 
93.9 
94.3 
94>5 
95>° 
95>* 
9S.7 
9S»9 
96,4 

9«>7 
97>o 
97,4 
S>7»8 
98,1 
98,6 
98,8 

Barometer. 



*T*ken from Sir Cwrge Shuekburgh'* taWe. Phil Tranf. 1777, p. sSh 
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Barometer. 


Feet of Air. 


Barometer. 


Feet of Air. 


Barometer. 


Feet of A»r. 


a6,a 


99?3 


*4t5 


i07»o 


**<♦ 


u6,o 


,i 


99*7 


»a 


J©7»5 


»3 


U6,6 


26,- 


99,8 


>J 


107,9 


»2 


117.1 


2S»9 


100,6 


*4>- 


108,3 


»* 


U7»7 


,8 


100,8 


*3>9 


108,8 


22, — 


H8,i 


.7 


101,2 


,« 


«°9>3 


21,9 


118,8 


,6 


101,6 


" 


109,7 


,8 


H9«? 


»5 


101,0 


,6 


llO,| 


»7 


119,8 


»4 


io»,f 


'* 


110,6 


>* 


110,4 


.3 


ioa,8 


>4 


111,1 


»$ 


iao,9 


»2 


103,1 


>3 


111,6 


»* 


121,5 


*« 


103* 6 


,2 


112,1 


>i 


i*2,or 


15»— 


104,0 


H 


112,6 


f* 


122,6 


24.9 


104,4 


23,— 


"3»° 


»i 


i*3>3 


,8 


104,9 


«»9 


H3»6 


2f>— 


i23>7 


>7 


ioj»3 


,8 


114,0 


w>9 


'*4a4 


>6 


'OJ.7 


'7 


>H«$ 


,8 


i«5»o 


»S 


io6 t i 


,6 


115,1 


»? 


i*5»6 


>4 


106,6 


»S 


u$,6 


,6 


12.6,2 
Barometer. 
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Barometer. 


Feet of Air. 


ao,j 


116,8 


.4 


«»7.4 


>3 


U8,o 


>* 


128,7 


»i 


i*9>3 


10, — 


130,0 


*9»9 


130,6 


,8 


13^3 


>7 


i3'»9 


,6 


ijj,6 


»5 


»33.j 


.4 


»34»* 


»3 


134.6 


>* 


'35»3 


>i 


*36> l 


i9»— 


136,8 


1 8,9 


'J7>S 


,8 


138.2 


>7 


'39>° 



Barometer. 



18,6 

• 5 

»4 

»3 

,2 

»i 
18,- 

*7«9 

,8 

»7 
,6 

>5 

>4 

>3 

,2 

*i 
'7.— 
J 6,9 



Feet of Air. 



'39»7 
140,5 

f4'.* 
141,0 
142,8 
H3»<5 
«44>3 
HS»2 
146,0 
146,8 
«4'»6 
148,5 

»49»3 

I JO, 2 

151,1 

I5'»9 
'52.9 
»53>7 
154,6 



Barometer. 



Feet of Air. 



16,7 
,6 
.5 
f\ 

»3 

16,- 

*5>9 
,8 

»7 
,6 
»5 
,4 
.3 
,a 
,1 
i5>~ 



'55»6 

'57,5 
is8,4 

'S9»3 
160,* 

161,3 
162,4 

"63.4 
164,4 

!65,4 
166,5 
167,6 
168,6 
169,8 
170,9 
172,0 
i73»« 

Table 
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Table of the Heights of Air- in Feet, reaching from Barometer 32 
Inches to Elevations where it would Jland at me In,cb, Temperature 
3 2°. or the incorreel approximate Heights in other Temperatures. 



Barometer. 
Indies. 



32,— 

3h9 
,8 

>7 

,6 

>S 
»4 
>3 
,i 
.1 
3'>— 
.9 
,8 

>7 
,6 
*S, 



Feet, 



00,0 

81,6 

»< 5 5»4 

*45»4 

410,4 

493> 2 
57M 
6S9.7 
743>4 
827.3 

9 n »5 

996,0 

1080,7 
1165,7 
1251,0 



j Barometer, 
loches. 


Barometer. 
Inches, 


Barometer. 
Inches. 


Feet. 


i 

J 3>»— 4 


1336,6 


«9>8 


*74S>4 


.3 


1411,4 


.7 


2836,1 


.* 


1508,6 


.6 


1927.0 


,1 


»595>° 


•5 


3018,5 


30,— 


1681,7 


»4 


3109,9 


.9 


1768,7 


»3 


3201,8 


,8 


1 856,0 


>4 


3 2 94»° 


.7 


1943,6 


,4 


3386,6 


,6 


2031,5 


28,— 


34-75>»5 


.5 


2119,7 


.9 


3572.7 


.4 


2208,2 


,8 


3666,3 


.3 


2296,9 


.7 


3.76o,z 


,2 


2386,0 


,6 


3854.5 


>l 


2475.4 


.5 


3949.0 


29,- 


2565,1 


»4 


4044,0 


.9 


2655,1 


.3 


4139.* 



Barometer, 
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Barometer. 
Inches. 


Feet. 


Barometer. 

Ifiches. 


Feet. 


Barometer. 
Inches. 


Feet. 


28,1 


4*34»9 


»5»- 


6431,6 


*3»8 


8832,9 


,i 


43J°»8 


»9 


6537.0 


'7 


8 9t7>4 


»7»— 


44»7.« 


,8 


6641,9 


,6 


9062,5 


.9 


45*3>9 


»7 


6747»* 


»5 


9178,1 


,» 


4620,9 


,6 


6852,9 


»4 


9294,1 


,7 


4718,3 


»S 


6959,0 


»3 


9410,7 


,6 


4816,1 


>4 


7065,6 


,z 


9527,8 


»5 


49»4»* 


♦3 


7»7*»6 


,1 


9645>5 


>4 


5012,8 


»* 


7280,1 


22,— 


9763,6 


»3 


ym,6 


»t 


7388,o 


>9 


9882,4 


»t 


5110,9 


*4»— 


7496,3 


,8 


10001,6 


,i 


Syofi 


»9 


7605,1 


»7 


10121,4 


a6,- 


'54«°»4'i 


,8 


77'4.2 


,6 


10241,8 


»9 


5511,0 


»7 


7824,1 


»5 


10362,7 


,8 


5611,8 


,6 


7934,3 


»4 


10484,2 


»7 


57 > 3»o 


»5 


8044,9 


»3 


10606,2 


,6 


5814,6 


»4 


Si 56,0 


,2 


10728,8 


»5 


5916,6 


>3 


8267,6 


,1 


10852,1 


r4 


6019,0 


»« 


8379,7 


21,- 


10975,8 


»3 


6121,8 


,t 


849*»3 


>9 


n 100,2 


,* 


6225,0 


23^ 


8605,3 


,8 


11225,2 


»i 


6318,6 


J ,9 


8718,9 


»7 


11350,0 



Barometer. 
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Barometer. 

Inches. 


Feet. 


Barometer, 
lochea, 


Feet. 


Barometer. 
Inches. 


Feet. 


lo£ 


11477,0 


19,6 


14138,2 


'7.6 


17102,5 


»5 


11603,8 


.5 


14*78,7 


.5 


17260,0! 


»4 


11731,* 


.4 


14419,9 


.4 


17418,4 


.3 


11859,4 


>3 


14561,9 


.3 


'7577.7 


>« 


1 1987,9 


»* 


i47<>4.7 


.* 


'7738.1 


>« 


11117,1 


• 1 


14848,3 


.1 


17899,4 


»o,- 


i»«47.» 


18,— 


14991,6 


i6,_ 


18061,8 


»9 


«»J37.o 


.9 


«i«J7.8 


.9 


18115,1 


,8 


I3$09,l 


,8 


15*83.8 


,8 


18339,6 


>7 


11641,0 


.7 


15430,6 


.7 


18558,0 


,6 


«773t6 


,6 


'5578,* 


,6 


18721,5 


»5 


1*906,9 


' S 


157*6,7 


.5 


18869,1 


>4 


13041,1 


* 


15876,0 


.4 


'9057.7 


»3 


»3«75»6 


»3 


1 6016, i 


.3 


19227,5 


>2 


'33'°»9 


,2 


16477,3 


>2 


'9398,4 


»' 

19,— 


'3447.° 
'3583.8 


.' 
'7»— 


16329,2 
16482,1 


Inches 
'5»— 


19570,4 
'9743.5 


>9 


'37*'»3 


.9 


16635,8 


'4 


*'54«»3 


,8 


»3859»5 


,8 


16790,4 


'3 


*347*>4 


»7 


'3998.5 


.7 


16946,0 


12 


a5558,i 



Vol. VIII. 



3 N 



Barometer. 



47o ] 



Barometer. 
Inches. 


Fett. 


Barometer. 
Inches. 


Table of differ, 
eot Feet. 


Barometer, 
laches. 


Table of differ- 
ent Feet. 


ii 


17825,4 


30 


000,0 


l 9 


11902,1 


10 


3°S°9»o 


>9 


883,4 


18 


I33 11 * 


9 


S3°54.4 


18 


1797,8 17 


i 4800,4 


8 


36123,6 


2 7 


*74S»J 


16 


16380,1 


7 


39603,1 


26 


37*8,7 


<5 


18061,8 


6 


43 6, 9>9 


25 


47J'»° 


T4 


19859,6 


5 


48370,8 


24 


5814,6 


13 


21790,7 


4 


54185,4 


*3 


6923,6 


12 


23876.4 


3 


61681,8 


22 


8082,0 


II 


26143.7 


2 


7«47»* 


21 


9*94.» 


IO 


28627,$ 


1 


90309,0 


ao 


10565,5 




■ 



Thefe two laft columns give the length of a column of air at 32 , counting from barometer 
30 to a height in which the barometer would ftaud at (fuppofe) 29, e= 883,4 feet. 



Uftf 



[ W ] 

XJfis of tbit Taik. 

io. To find the approximate height of any elevation in tempe- 
rature 32°, the heights of the barometers above and below being 
given. 

Substract the number of feet oppofite to the lower barome- 
trical height, from thofe oppofite to the upper, the remainder is the 
approximate height very nearly. For as only one decimal place is 
given, there is no room for a correction. 

Example. 

Thus at the bottom of Mount Saleve a barometer flood at 
28,39 inches (fay 28,4.) and at the top at 25,7 inches. Now in the 
table we have oppofite to 25,7 inches 5713,0 feet, and oppofite 
to 28,4 we have 3109,9 feet. Now 57 13,0 — 3109,9=2603,1 
feet, and Schuckburg makes it =2602,878 feet. 

Supplemental Height. 

Multiply the fundamental difference of heat, into the approx- 
imate height, and divide the produft by 4^0, if the height does 
not exceed 8000 feet; if it does, n 40 fhould be the divifor, the 
quotient is the fupplemental height. 

3 N 2 Thus 
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Thus in the above cafe the fundamental difference was 37,4, 

and the approximate height is 2603,1 feet. Now ±Lz*: ■¥—=. 

45° 

219,8, which added to 2603,1 = 2819 feet. 

The error is 12 feet, and fcarce ever exceeds by 40 feet the re- 
fults of other methods. 

2d Q . To find the height or number of inches at which mercury 
would ftand on a given elevation true to five-tenths of an inch, 
when that altitude does not exceed 19700 feet, the height of the 
mercury below being given. — Add to the given altitude, that op- 
pofite to the given barometrical height. The altitude neareft to 
the fum of both will point out the barometrical height fought. 

Thus the height of Mount Blanc being 14624 feet above Mr. 
Senebier's cabinet at Geneva, and the height of the lower barome- 
ter being 29,1 (Englifh), a barometer at the top of that mountain 
was found to ftand at 17 inches — And by this calculation it Hood at 
16,6, for oppofite to 29,1 we have 2475. And r 4624+247 5=17009. 
The neareft tabular number to this is 17102, which denotes 16,6 
inches of mercury. The error then is o^ of an inch. — But in ge- 
neral it is much fmaller j thus, in meafuring the Mole, whofe 
height is 42 n feet, Schuckburg found the lower barometer 28 1, 

&c. 
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&c. and the upper 24,1. Now in the table the oppofite number 
to 28,1 is 3386, which added to 421 1 gives 7597, the neareft ta- 
bular number is 7605^ which denotes the mercurial height 23,9, 
the error then is only 0,2 of an inch. 

3tio. The barometrical height below being given, to find on 
what elevation the barometer above fhould ftand at a given num- 
ber of inches, temperature 32 . This is in effect to feek the ap- 
proximate height of that elevation, and therefore the elevation is 
found in the fame manner". Thus the barometer below being at 
28,4, the elevation at which it would fland at 25,7 is 2603 feet. 

Note. — The table commencing at 30, I have iriferted becaufe we 
generally reckon upwards from the level of the fqa, at which the 
mean mercurial height, temperature 32 °, is 30 inches. The inter- 
mediate tenths muft be found by fubftraclion from logarithm 30. 
Thus the height of mercury 29,1 denotes an elevation of 793, 
feet. 



CHAP. 
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CHAP. V. 

Of Precipitations from the Atmofphere. 

There arc five fubftanccs conftantly contained in the atmof- 
phere, or at leaft in its lower ftrata, with which we are principally 
concerned; namely, oxygen, mephite, moifture, caloric, and elec- 
tron, otherwife called the ele&ric fluid, if this be not (which 
neverthelefs I fufpect it to be) a modification of caloric* As, 
however, its effe&s are very different from thofe ufually afcribed 
to caloric, it may and ought, like ice and water, to be diftinguim- 
by a different appellation. Befides thefe, heavy inflammable air 
and other miafmata are frequently found in it, and the lighter in- 
flammable air in its fupcrior ftrata; but thefe mixtures are contin- 
gent, and therefore form no part of the prefent general inquiry. 

Oxygen is frequently precipitated through its affinity to terreftrial 
fubftances in certain ftates, as combuftion, putrefaction, &c. Ef- 
fects 

* By modification I here mean a different fituation of caloric, namely, on the ex- 
ternal furfaces of bodies, and not in their minuteft internal cavities. Light I take 
to be another modification of caloric, namely, an homogeneous arrangement of fome 
or all its conftituent particles, which, when thus arranged, and then only, become 
vifible. 
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feds foreign to meteorology. In the atmofphcre, meeting with 
inflammable air, as in thunder ftorms, it is often converted into 
water by the electric explofion, and thus precipitated ; and thus 
moQ. flery meteors are formed. 

The eleftric fluid is generally precipitated either fuddenly during 
electric explofions, or gradually and filently by the diminution of 
caloric and the fall of dew or rain.. It is thefe laft precipitations 
which I now mean to examine ; and as I afcrlbe them to electric 
agency, it will be neccflary to lay down thofo principles of atmof- 
pheric electricity which are mod generally adopted by electricians, 
and the confequences that appear to me clearly dcduciblc from 
them. 

Section I. 

Of Atmo/pheric EleStricity. 

i P. Mere- atmofpheric air is an vdio-eleftrici or non-conducting 
fubftance* 

2°. Air holding water in folution is alfo a non-conductor, and 
fo much the more perfectly fo, as, relatively to the degree of heat 
it poffefles, it is farther removed from the point of faturation, 

and 
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and fo much the lefs perfect as it is nearer to faturation with 
moifture. 

3°. As heat increafes, and cold diminishes the folvent power of 
air, it follows that the quantity of moifture in both cafes remain- 
ing the fame, its non-conducting power is in direct proportion to 
hs heat. 

4°. Mere vapour is a conduitor electricity, and fo much the 
more perfect as it is hotter ; and moreover, it contains and appro- 
priates a confiderable proportion of the electric fluid. 

5°. Vapour diflblved in air forms, as already faid, a compound 
which pofiefles the non-conducting property in the direct ratio of 
its heat and the inverfe of its proximity to faturation; this com- 
pound involves alfo a confiderable portion of the electric fluid pro- 
portioned to the heat of the vapour in its nafcent ftate. 

6°. Vapours feparated from air, through whatever caufe, form 
clouds and foggs, as already mentioned. In the firft ftage of their 
coalefcence, the minute particles of which thefe confift, retain, in 
the form of electric atmofpheres furrounding each particle, a con- 
fiderable proportion of the electric mattar which they previoufly, 
involved in their combined ftate, and fo much the greater, as they 

contained 
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Contained more of it in that ftate ; but in ftis ftate of coalefcence 
they retain the electric fliiicl more (lightly ktid Become condu8ors y 
ir^fulated by the drier air mat furrOunds them. 

7°. As the various rubftaftces which form the furface of the 
globe are variously heated, fo alfo are the vapours they emit, and 
which are united to the air incumbent over them, consequently 
they involve, when united to air, different portions of the electric 
fluid. 

Confequently i<>. The vapours emitted in different lati- 
tudes contain different portions of electric matter, bearing 
a porportion to the temperatures of thofe latitudes. 

a°. So alfo do the vapours emitted at different feafons of the 
year. 

3°. So alfo thofe emitted from the fea, and thofe emitted 
from land between the tropics and the warmer tracts, if 
not mountainous ; the former contain leaft, and the latter 
raoft of the electric fluid. 

4°. In the colder regions, in fummer, the marine vapours 
alfo contain leaft, and thofe from land contain raoft of 
this fluid. But in winter the marine contain raoft, and 
thofe from land leaft. 

Vol. VIII. 3O 5 ?.Fo* 
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5*\ For the fame reafon the vapours that originate from 
high mountains contain leaft, and thofe from plains moil, 
and thofe alfo may vary in different fituations. 

8 9 . Hence we fee that cloudt originating from the condenfalion 
of thofe vapours, and each retaining, though more loofely, at leaft 
a portion of the eledric fluid they originally involved, muft con- 
tain different portions of it, or be y what is called, differently elec- 
trified, that is, plus or minus, at leaft relatively to each other. 

9 C : Clouds of equal furfaces and fimilarly and equally electri- 
fied repel each other. But if the furfaces be very unequal, the 
greater wilt gradually fteal the electron from the fmaller if brought 
into contad, as Coulomb has (hewn with refped to metallic balls 
fimilarly electrified. Mem. Paris, 1787. If near, but not in con- 
tad, the greater will throw the leffer into a contrary ftate and then 
attrad it. 

10 . CIlouds diffimilarly eledrffied, and beyond the ftriking 
diffance, attract each other. 

ii°. So alfo portions of air impregnated, but often far from 
being faturated with vapours unequally electrified, ad upon each 
other, thofe more ftrongly eledrified robbing the weaker of a 

portion 
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portion of their electron, and thus thefe are, at leaft in part, con- 
verted into a cloud •> but clouds being ftill better conductors of 
electricity, the cloud thus formed robs, in its turn, the portions of 
air more ftrongly electrified of their electron, and converts, at leaft 
partially, their vapours into clouds ; thus the dimenfions of the 
original cloud is increafed until it covers a conllderable part of the 
horizon. By this fudden nubification a confiderable quantity of 
caloric is fet loofe, which rarefies the air, and thus occafions a 
ftorm or erruption of air from all quarters, in a word, a hurricane. 

Suction II. 
Of Dew. 

In hot weather, particularly if the heat is long continued, as in 
fummer and autumn, vapours are diffolved and elevated to great 
heights, but in the evening, particularly afrer fun-fet, when the 
air is cooled, a portion of this vapour, proportioned to the refri- 
geration, gradually defcends, until at laft the lower ftrata of air 
become faturate and gradually depofit it on the contiguous 
denfer fubftances. The moifture thus depofited forms what is 
called dew. That there is likewife an afcending dew arifing from 
the effluvia of vegetables which emit air accompanied with moif- 
ture, but depofit it on the inferior furfaces of more elevated 

3 O 2 fubftances, 
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fubftances, has been fuiEciently proved and explained by Mufchen- 
broeck and DuTay. Mem. Paris 1756. 

There is however a puzzling circumftance mentioned by the 
above-named naturalifts, and for which they have not accounted. 
It has been obferved in feveral places to be deposited very copioufly 
on idioelectrics, as glafs and all vitrifaclions, but fcarce at all on 
the beft conductors, as metallic iuhftances, which evidently lhews 
that dew conveys electricity j but why is not this fluid carried off 
by conducting fubftances more eafily than by non-condu&ors ? 
Mr. Achard tells us, Mem. Berlin, 1780, p. 17, that conductors 
aflume the electrical flate of the ambient air very eafily, but 
glafs very flowly ; therefore the conductors and vapours being 
both in the fame flate, whether polltive or negative, repel each 
othoflj but glafs being ia a contrary flate repels them. This, how- 
ev&e, does- not appear to me perfetlfy rat isfi a &orj r as farayrek 
peds glafs, for it fhould feem that, after fome hours, thjs alfb 
fllould affurao the fame electrical fta*!eas the air, arid then repel 
the vapours. I fltoold rather fuppofe that gla-fs collecHs moifiurff- 
by reason of its ftfong attraction for- moiflune, for it has beam ob* 
ferved that; in dtftilling water in glafs and metallic vefTeis of the 
fame dirrrenfions and 1 in the fame heat, much iaoife wa*er pafTes 
in a given time through the g!a$ than through the- metafile veffete: 
nay when the helm of a glafi ftill was connected wkh two re- 
ceivers, 
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ceivers, with one by a metallic and with the other by a glafs 
adopter, more patted through the latter than through the former. 
It is probable that Da Fay, who made thefe experiments, would 
give this explanation if he had purfued this inquiry. Thus the 
breath is immediately evaporated from polifhed fteel, but is re- 
tained by polifhed glafs. 

Mcschenbroeck alfo obferves that this different power of col- 
lecting dew is in fome meafure local, for that it does not take 
place at Lcyden though it does at Utrect, Hefs and Paris, which ap- 
pears to mc to be occasioned by the unequal electrization of the 
vapours} thofe from the vicinity of Paris and Utrcct being collected 
from a drier foil are more highly electrified than thofe of Leyden, 
the foil of which is fo moift that they can have no cellars, whereas 
they can and have at Utr,edt He aifo tells. us» fogs, univerfally, 
equally moiften all bodies, which fhews they contain much lefs 
electron than defcending vapors. 

He&ce dew is nothing more* than the condenfed vapours elevated 
dfwing the day from the foil over which the air that depofits it 
is incumbent, aj&d. hence its noxious qualities when elevated 
fjom ftagnating marines., and the varioos impregnations it ha* 
been found to contain. 

Section- 
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Section |IL 

Of the Baze'of the Tear 1783. 

THrs year as remarkable fqr.,'fef.era] .extr^Qrdinary phoenomena 
of which this haze was the mdft univerfal. It is but flightly men- 
tioned by Englifh mcteorologifts*, but frequently by thofe on the 
continent, by whom it has been varioufly accounted for. *The fads 
that relate to it, or appear to me to do fo, are the following : 

i°. In the months of February and March of that year hap- 
pened the great earthquakes of Calabria, fo minutely and exadly 
traced and defcribed by Sir William Hamilton. Phil. Tranf. 
1783, p. I70,;&c. 

2°. During this earthquake the incumbent atmofphere was 
incumbered and obfeured by clouds to an uncommon degree. 24 
Roz. Joum. p. 5. 

30. On the 17th and 18th of the fubfequent month of June a 
dark reddifh haze that obfeured the light of the fun was obferved 
in many parti of Europe , even in high northern latitudes as 
England and Sweden, Phil. Trarif. 1784. p. 285, 418, and 24 
Roz. p. 8 and 405. 



*°. 



*PhiJ. Tranf. 1784. 
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4°. This haze was in moft places introduced by a fouth 
or fouth eaft wind. 24. Roz. p. 5 and 409. Mem. Dijon, 1783, 
p. 228. 

5 . This foutheiTy wind did not produce rain, nor lower ttoe 
barometer, but on the contrary raifed it to an unufual height, and 
ii fell when the wind changed to the north. 24 Roz. p. 4 5 Neve 
Schwd. Abhandl. p. 9 and 13. 2 Mem. Dijon, 1783, p. 214. 1 
Mem. Laufanne, p. 116 and 280. 

60. This foutherly wind when the haze firft appeared occasi- 
oned an extraordinary degree of cold, for the month of June. 2% 
Roz. p. 203, 24. Roz. p. 4. Phil. Tranf: 1784, 417" and 418. 

7°. This haze at firft. flood at an extraordinary height, in fb 
much that it was not diffipated or leffened by rains or winds, but 
feemed of a dry nature; but after fome time it gradually funk 
lower, and was at leaft partially diifipated by rains and winds. 
Phil. Tranf. 1784, p- 285. 24 Roz. p. 4, 5, 9, IO , 4.07 and 408. 
ix Mem. Dijon, 229,: 1 Mem. Laufan. 119, 

8°. It was followed at certain intervals by thunder and fhort 
but copious falls of rain, and fiery meteors, one of which is well 
traced and defcribed by Sir Charles Btagden. See Phil. Tranf. 
1784, p. 201, 285 and 286. 1 Mem. Laufanne, 114, 23 Roa. 
203. 24 Roz. 5, 10, and 409. 

9 . It 
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9 Q . It is even faid to have depofifed in fome places a vifcid 
liquid of a difagreeable lafte, 24 Roz. 20. 1 Mem. Dijon, 1783, 
p. 229. Nay fome fay it was accompanied by an acrid or ful- 
jphufleous £mell„ 23 Roz. J&urn, p. 203, arcd.24Roz. p. 410. 

Other ci re u minces are mentioned by the authors quoted, 
but with fome variation, fuch as muft be expected to arife from 
different 'fituation3 as well a? from the different ftates of this mift. 

From an attentive confideration of thefe observations I am 
<ttfpofed to concm with the opinion of Sir William Hamilton, 
Phil. Tranf. 1785, p. 194 and 199. That this haze was caufed 
by the immenfe quantity of inflammable air extricated from the 
bowels of the earth during the earthquakes of Calabria, ftrongly 
electrified, and impregnated with fulphureous bituminous, earthy 
and metallic particles. The quantity was fuch as to diffufe itfelf 
after a few months over mod parts of Europe. While thefe he- 
terogenous particles were held in folution the tranfparency of the 
atmofphere was not altered; it was otherwife when they began 
to precipitate. 

Then i°. The obfeurity and dark red colour of the haze may 
be attributed to the fulphureous metallic, &c. particles, which ab- 
forbed all but the leaft refrangible folar rays, particularly at fun- 
rife and fun-fet. 

2do. The 
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2do. Thb direction of the wind fecras merely a contingent 
circumftance, yet as this phoenomenon, or at Ieaft its caufe, ori- 
ginated in the fouthern part of Europe, it poffibly has been ex- 
tended northwards by a fouthern wind. 

3°. While the impetus of the eruption of this air lafted, it 
may well be fuppofed to reach the greateft heights like the ftill 
denfer fmoke of volcanos ; but, as it confifted chiefly of heavy 
inflammable air, it may be inferred that it gradually defcended and 
its heterogeneous contents became vifiblc every where nearly at the 
fame time, but its height for a long time fecurcd it from the 
winds that prevail in the lower flrata of the atmofpherc ; but 
when it had defcended fome way thefe winds and rain gradu- 
ally difperfed and wafhed it away* 

4*. The atmofphere, thus loaded with metallic and other par- 
ticles thrown into it far beyond the limits fuited to their fpeci- 
fic gravity, muft have its weight increafed, and hence the extraor- 
dinary heights of mercury in barometers. While diffufed over 
vaft fpaces, the additional weight accruing to the atmofphere from 
thefe particles may have been infenfible or not eafily diftinguilhed, 
but became evident when they had fomewhat defcended and were 
concentrated, and hence the varying accounts we have had of 
the manner in which barometers were affe&ed during the mift j 

Vol. VIII. 3 P neither 
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neither can it be fuppofed that the denfity of thefe foreign par- 
ticles was ever the fame. 

5°. The uncommon cold produced by this haze originated, 
partly from the obftruction it prcfcnted to the pafTage of the folar 
rays, and partly from the defcent of its particles exceedingly cool- 
ed in the lofty regions of the atmofphere into which they at firft 
afcended ; this effect, however, muft have varied with their num- 
ber, denfity, and the duration of their precipitation. 

6°. The thunder, fiery meteors and the fudden and violent 
rains, which accompanied the defcent of this haze, may well be 
attributed to the high electrical (late of its particles which were 
infulatcd in the more elevated regions, but was often communi- 
cated in the lower and moifter ftrata; on this occafion the bitu- 
minous and fulphureous particles muft have acted a principal 
part* 

A similar haze was obferved in Perfia in the year 1721, after 
the great earthquake in Georgia ^which deftroyed the city of Tau- 
ris. 5 Richard's Hift: des meteors, p. 164. The darknefs which 
obfeured the fun after the death of Casfar may probably be align- 
ed to a fimilar caufe, for Julius Obfequens * de Prodigiis, tell us 
there were earthquakes about that time. 

The 

* He lived in the reign of the emperor Honorius, and colle&ed the prodigies 
mentioned by Livy, &c. 
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The only objection to this theory, which may at firft view 
appear plaufible, is, that the quantity of fmoke elevated to the 
greateft height during volcanic eruptions does not produce a haze 
of a fimilar nature and extent j yet on confideration it appears to 
roe of no weight; for, i°. The electricity of this fmoke is de- 
ftroyed during the eruption by the frequent flames of lightning 
that take place in the body of the fmoke during its afcent, and 
confume the hydrogen and bituminous particles ; and, 2do. This 
fmoke then confifts chiefly of heated air, impregnated with in- 
cinerated carbonic particles, and not of metallic particles of which 
it is not a folvent ; and as the colder ambient air prefTes towards 
the volcano and the heated fmoke, its diffufion is prevented, 
and never, unlefs by a florin, are its particles carried farther than 
20 or 30 miles. See Hiftoire 4e Vefuve par Padre della Torre, 
p. 127, &e. 

Section, IV. 

Of Rain. 

Diminution of the temperature of air, replete with moif- 
ture, below the degree at which its faturation takes place, 
whether this refrigeration were caufed by rarefaction, or by 
the intermixture with colder air, has been generally fuppofed 
the caufe of rain; but this hypothefis in both its branches 

3 P 2 has 
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has been fatisfactorily refuted : fche firft by Sauflure* and the 
fecond by De Lucf. And in fact refrigeration will indeed 
ieparate moifture from air cooled below the temperature necef- 
fary to hold it in folution. But this feparation will terminate, 
if gradual, in the production of dew x as already feen, or, if fudden, 
in the production of a cloud, as in the experiment of Tornea men- 
tioned by Maupertuis, but cannot nor has in any inftance pro- 
duced rain. 

Rain is the immediate refult of the union of the particles 
which form clouds j and this union is the confequence of the 
fubtraction of the electric atmofpheres which keep them at a 
diftance from each other ; and this fubftraction is itfeif the con- 
fequence either of the fuperior attraction of better conductors 
or of the attraction or repulfion of other clouds through the 
caufes mentioned in the firft fection of this chapter. The confe- 
quence of the cttraBion of clouds is their incorporation ', and the 
refult of their incorporation is the increafed volume of their 
conftituent particles, an increafe proportioned to the attraction 
that produced it 5 the increafed volumes, thus produced, form thofe 
drops whofe collection we call rain. The weight of thefe being 
fuperior to the refiftance of air, they neceflarily defcend, and 
the caufe of their different fize is thus clearly difcerned. 

* Hygrom. $ 224. f De Luc Idees de Meteorologie, p. 43, &c. 
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Th* repTilfion of Clauds fimilarly electrified, and not greatly 
differing in magnitude, terminates in a bare increafe of diftanee } 
but, if their magnitude* be much difproportioned, it may ter- 
minate in 4ttrtt£tion, or at leaft in forcing the conftituent par- 
ticles into dofer contact, and thus by increafing their magni- 
tude«ffe&the fame refult. 

When the attra&ion takes place between clouds differently 
and highly electrified, and within what electricians call the 
Jlriking diftarice, the ele&ric fluid is fet free, the coalefcence of 
the nubilous particles is more rapid and complete, and hence 
the large drops that follow flafhes of lightning, or even floods, 
where the quantities both of vapour and electron are confiderable, 
as between the tropics.- 

Upon thefe principles moft of the phonomena relative to rain 
appear to me eafily explicable; of thefe the moft remarkable 
are : 

i°. That rains' are more copious but lefs frequent in the 
fouftjern parts, of our hemifphere not much elevated over the 
fea, than in the more northern , latitudes. They are more copious 
when their, productive caufes. occur, evidently becaufe the quan-^ 
tity of fufpehdecL vapour is much greater \h the hotter than in 

the 
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the .colder regions; but -they are lefs frequent, becaufe the va- 
riations of wind in different 4ii£&K>njSt which introduce and 
intermix clouds differently eje<9:r^fied are lejCs frequent ; this 
might be proved by inftancing .<he rainy fcafons between the 
tropics, were it nqt .that this .illtjflration would extend this 
paper to too great a length. Even in moderately elevated fixa- 
tions between the tropics, if infulated and of fmall extent, as the 
ifland of St. Helena, .it feldom raios. 

2do. That, in the temperate latitudes, rains are alfo more 
copious, though commonly lefs frequent in fummer than in win- 
ter^ for the reafons already affigned. Dry fummers are then the 
confequence of uniform winds, from whatever quarter they may 
blow, as wet fummers are of their variation, particularly if inop- 
pofite directions, and if they reach heights fufficient to intermix 
the clouds that fubfifted during the reign of their antagonists. 

3do. Southerly winds are mod frequently accompanied with 
rain, in moil parts of Europe at leaft, and probably in mod parts 
of our hemifphere ; but northerly and eafterly^ with clear, dry, 
and ferene weather.. Becaufe foutherly winds are not only war- 
mer, proceeding from warmer climates, but alfo more highly 
eleclrlfied than the foil of the colder countries into which they 
flow. Hence the copious vapours -they contain are quickly depri- 
ved of pi rt "of their ele 5 ron, and thus converted into clouds; but 

the 
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tke Superior ftrata- of the atmofphere under which the fouthern 
air is introduced, not being fupported by air as denfe as. that 
which fubfifted under them before their introduction, ne- 
ceflarily defcend and mix with the inferior fouthern air; by 
this intermixture they are warmed, and , deprive the. clouds 
already formed and in its vicinity of part of their electron, or 
perhaps in conformity to the eleventh principle, they are them- 
felves deprived of part of their electron by tKofe clouds, and the 
vapours they contain are thus converted into clouds • in "eit&er 
way clouds differently electrified muft be formed. Hence 
proceeds their gradual attraction to each other which terminates 
in thofe gentle ihowers that uiually accompany this wind. North- 
erly and eafterly winds on the contrary; proceeding from colder 
countries are lefs highly electrified than the foil of the countries 
they invade ; and hence from the oppofite reafons to thofe juft 
mentioned they introduce ferene weather and a difpofition. ad- 
verse to nubincation. 

The reafons hitherto adduced to explain the different effects 
ofthefe different winds, evidently arofe from an ignorance of 
the origin and progrefs of thefe winds. It was imagined that 
foutherly winds, flowing into colder countries were fuddenly 
cooled by an intermixture with the colder air of thofe countries, 
and that thus their vapours were condenfed into rain, yet, even 
fo, this intermixture could only produce clouds and not rain, 

but 
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but in fad this intermixture cannot take place, except with the 
ftrperior and unmoved ftrata of the atmofphere, and thefe alone 
could not produce numerous clottds, much left copious rains ; 
for the air of the countries into which thefe foutherly winds flow, 
muft itfelf have flown northwards, before the more fouthern air 
could enter upon theni, as fhewn p. 397* 

Moreover, foutherly winds retain much, warmth, and north- 
erly winds are So much colder in the countries into which they 
are introduced* that their temperature cannot be fuppofed fufli- 
cjently altered to deppfit much vapour in the one cafe, or diffolve 
much of that already condenfed in the other $ on the contrary 
the warm foutherly wind fliould: diflblve the clouds already 
formed, and* the northerly, by their encreafed cold,fhould produce 
many more. 

Hence eleiirieal agency muft of neceflity be recurred to, 
though I do not doubt but it may be more correctly applied by 
perfons better verfed in electrical knowledge than I can pretend 
to be. Currents of air flowing in different directions at different 
heights in the atmofphere, muft undoubtedly be intimately con- 
nected with thefe effeils, but with thefe we are at prefent too 
little acquainted. 

4° That a difpofition to rain is generally connected with 
a diminution of the weight of the atmofphere, as is' a difpofition 

to 
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to Serenity with the increafe of its weight. Becaufe under the 
diminifhed weight of the almofphere, the eruption of vapours 
both from land and water is much more copious, a difpofition 
highly favourable to nubification, and the clouds already formed 
defcend lower, are more concentrated, and hence more difpofed 
to react upon and atftraft each other and thus produce rain. The 
increafed weight of the atmofphere muft produce oppofite effects 
and induce a difpofition adverfe to the production of rain. 

5 . That more rain falls on the furface of the earth than 
on fmall elevations above it, as fron 30 to fomc 100 feet: fee 
Phil. Tranf. 1769, p. 361 ; and of 177 r, 297 ; and of 1777, p. 256. 
This effect feems to me to proceed from the greater ftillnefs and 
tranquillity of the air near the furface of the earth than at greater 
elevations. To prove this, it is only neceflaty to colled the 
rain that falls in moderate weather on both fituations, with that 
which falls on both, in more ftormy weather. If this explana- 
tion be juft the difference between the quantities collected in 
both fituations will be found greater in the latter than in the 
former cafe. This experiment I fhall make, and communicate 
the refult to the Academy. 

6 9 . That the quantities of rain collected at the top of high 
mountains, and on plains about half a mile diftant from thofe 
mountains are nearly equal, but in fummer there falls fomewhat 

Vol. VIII. 3 Q, more 
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more on the plains, and in winter fomewhat left. Phil. TranC 
1 77 1, p. 295. The greater quantity of rain collected in fummer 
on plains appears to me to- proceed from the caufe juft mentioned, 
the lefs difturbed ftate of the atmofphere ; but the quantity of rain 
gained through the influence of this caufe is often, in great mea- 
fure, compenfated by that arifing from the condenfation of fogs 
formed on the fummits of mountains, particularly at night, when 
neither fog nor rain exift on the plains. But in winter, thefe 
mifts being much more frequent and denfer on the fummits of 
mountains, the quantity of moifture which they depofit is far 
more confiderable. 

7P. That it rains much more on the weftern coafts of moft 
parts of Europe, particularly if mountainous, than in the interior 
parts of thole countries, or on the eaftern coafts of the Britainnic 
iflands. 

The caufe of thefe phenomena is very obvious. Wefterly wind's 
are by far the moll frequent in moft parts of Europe ; thefe flow 
from the Atlantic which bounds it, and generally convey marine 
clouds ele&rified differently from the foil or land over which they 
flow, as alfo from that of the higher clouds under which they 
reign. Hence proceeds their mutual attraction, and thence rain. 
This effect muft take place principally on the weftern coafts ; when 

they 
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they proceed further, this different electrical ftate muft either ceafe 
or be diminifhed. When the coafts are mountainous, thefe moun- 
tains quickly abforb the electric matter contained in the weftern 
blafts, and by collifion, condenfe the vapours they contain, firft 
into clouds, arid finally into rain. Hence it often happens that 
wefterly winds, particularly in fummer, produce no rain, either 
becaufe they introduce no clouds, or meet with none differently 
electrified. 

8 P . That in fome countries it fcarce ever rains.— This arifcs 
from local circumftances, as is apparent in the following inftances : 
i°. It never rains on the plains of Peru from the gulf of Guyaquil, 
nearly under the equator, up to latitude 23^ fouth, nor is thunder 
ever heard there, though thefe plains border on the Pacific Ocean, 
but they receive a flight dew every night. Bouguer, fig. de la 
Terre XXIII. 1 Ulloa's Mem. p. 157. 2 Phil. Tranf. Abr. 132. 
Plainly from the following reafons : Thefe plains are entirely fandy, 
and, confequeritly, emit very little vapour, being foon parched by 
the heat that there prevails ; confequently, the intermixture of 
marine vapours can produce no effect. Again, the clouds in thefe 
tracts are elevated to a great height, and are attracted by the elec- 
trical agency of the Cordellierres that border on thefe plains, to 
their lofty fummits, and there produce copious rains ; hence alfo 
the fandy and extenfive defarts of Arabia and Africa are feldom re- 

3 0,2 frefhed 
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frefhed by rain. 2do. It fcarce ever rains in Egypt, particularly 
in Upper Egypt. Now it is to be obferved, that Egypt is fo 
fituated betwixt lofty mountains that no wind can enter it with- 
out pafling over them, but the northerly winds, which iffue from 
the Mediterranean ; for a fouthcrly wind muft pafs over the moun- 
tains of Abyffinia ; an eafterly, over thofe that intercede between 
the Red Sea and the Nile, and proceeding from the Defarts of 
Arabia, can convey little or no vapour $ and wefterly winds muft 
pafs over the Defarts of Africa and Mount Atlas. Now the 
northerly wind does not begin to blow until the month of June, 
when Egypt is fo fcorched as to emit fcarce any vapour, and the 
few clouds it may convey are attracted by the mountains of Abyf- 
finia. Towards the middle of June the inundation of the Nile, it 
is true, commences, and then, as the northerly wind ftill con- 
tinues, perhaps rain might be expected, but little attention being 
paid to it then, we are not informed whether any falls or not, per- 
haps the clouds then alfo pafs to the mountains of Abyffinia, whi- 
ther this wind conveys them, and which they deluge with rain.; 
all other winds depofit their moifture on the reverfe of the moun 
tains they pafs over, 
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CHAP. VI. 

Ptognqftic*. 

When the barometer falls, and the hygrometer rifes, rain is an- 
nounced* 

When the barometer rifcs, aud the hygrometer falls, we may 
expec"t fair weather, if farther changes do not appear in thefe in- 
ftruments, as fometimes there fuddenly do. 

If the barometer falls and. the hygrometer alfo, windy weather 
will probably follow — particularly if the barometer falls much be- 
low its natural height, which in Dublin is from 29,9 to 29,98. 

Again, in the morning the hygrometer is generally higher than 
at noon, by reafon of the difference of temperature; but if it 
ftands lower at noon in a greater proportion than the difference of 
temperature demands, it prognofticates^t/r weather. — On the con- 
trary, if at noon it be higher than it flood in the morning, rain 
may be expeded. SaufT. Hygr. p. 356. 
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Toforefee the Rift or fall of the Barometer in Day-time. 

Observe it at feven o'clock in the morning, and afterwards at 
nine and at ten. If it remains ftcady, its next motion will pro- 
bably be downwards. So alfo if it falls within that interval of time, 
the probability is, that it will Jini ftill lower. But if it rifes with- 
in that interval, the chances of a greater rife or of a greater fall are 
equal. 

Again, obferve the barometer at one in the afternoon, and 
again at three } if it remains unmoved, it is probable that it will 
rife, but if it has fallen, the chances of a farther rife or fall are 
equal. 
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APPENDIX. 

Of the Manner of taking Qbfervations on the Hygrometer and of 

correcting its Indications* 

The hygrometer fliould habitually be kept loofe under a glafs 
jar, to prevent it from being fouled by flies or duft. Obfervations 
fhould be made in the open air and in the (hade at a diflance from 
houfes or reflected heat. It requires but about two minutes to ar- 
rive at its proper height. But the obfervations thus taken muft be 
corre&ed by the table that follows : 



TABLE 
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TABLE III. 



Of the Degrees of Cold necejfary to bring the Hydrometer from its 
aEiuai State to the Degree which marks Saturation. 



Hygrometer. 


Cold. 


Hygrometer. 


Cold. 


Hygrometer. 


Cold. 


XL 


3*>fyS 


LV 


21,835 


LXX 


1 2,846 


XLI 


33.^4* 


LVI 


*'>>35 


LXXI 


>2.333 


XLII 


32,625 


LVII 


20,461 


LXXII 


11,829 


XLIII 


31,641 


LVIII 


19,801 


LXXIII 


".333 


XL1V 


30,689 


LIX 


19,156 


LXXIV 


10,846 


XLV 


29,766 


LX 


18,524 


LXXV 


10,370 


XLVI 


18,870 


LXI 


•7.905 


LXXVI 


9,904 


XLVII 


28,001 


LXII 


17,299 


LXXVII 


9.449 


XLVIII 


87.156 


LXIII 


16,705 


LXXVIII 


9,005 


XLIX 


26,334 


LXIV 


■ 6,122 


LXXIX 


8.57* 


L 


*5>534 


LXV 


'5.55 1 


LXXX 


8,151 


LI 


«4»755 


LXVI 


14,990 


LXXXI 


7.74' 


LII 


*3»995 


LXVII 


'4.439 


LXXXII 


7.34o 


LI1I 


23.2S4 


LXVIII 


13,899 


LXXXIII 


6,947 


LIV 


ai.53' 1 


LXIX 


I3»3 6 8 


LXXXIV 1 


6,561 
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Hygrometer. 


Cold. 


Hygrometer. 


Cold. 


Hygrometer. 


Cold. 


LXXXV 


6,182 


XC 


4.379 


xcv 


2,698 


LXXXVI 


5,810 


XCI 


4.034 


XCVI 


2.373 


LXXXVII 


5»444 


XCII 


3.694 


XCVII' 


1. 961 


LXXXVIII 


5,084. 


XCIII 


3.358 


XCVIII 


1.399 


LXXXIX 


4.7*9 


XCIV 


3.0*6 


XCIX 


0.755 



Notes — 1°. The degrees of heat here mentioned are thofe of 

Reaumur. 

2clo. That the point of faturation is here fuppofed to be C. 

3<tio. That the fecond column expreffes the diftance from fatu- 
ration, that is, the number of degrees by which the heat muft be 
diminished to raife the hygrometer to C. As the degrees here men- 
tioned are thofe of Reaumur, thefe and thofe of Fahrenheit muft 
be converted into each other as occafion may require*. 

Vol. VIH. 3 R Of 

* To convert Fahrenheit's degrees into thofe of Reaumur, when higher than 32°, 
fubftra£t 32, and divide the remainder by 2,23, the quotient is the degree of 
Reaumur on the Geneva Thermometers. — If the degrees of Fahr. be below 32, fub- 
ftraft them from 32 and divide the remainder by 2,23. 

To convert the degrees of Reaumur into thofe of Fahr. if above o, multiply them 
into 2,23 and add 32 to the product — If below o, multiply them into 2,23 and fub- 
ftradl: the product from 32, the remainder expreffes the degree of Fahrenheit. 
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Of the Ufes of the foregoing Table. 

The ufe of this tabic is to drfcover, when different obfervations 
are made at different times or places and at different degrees of 
heat, what the real quantity of moifture is, as pointed out by the 
hygrometer ; for as this inftrument equally defcends to drynefs 
when the heat increafes, or the quantity of vapours in the air de- 
creafes, and equally afcends to moifhire when the heat decreafes, or 
the quantity of vapours in the air increafes ; it is neceffary to find 
qn which of theie caufes, and to what degree, thb variation de- 
pends. Now thefe problems may eafily be refolved by this table* 
I (hall begin by the circumftances of an increafe of heat. 

If the heat ioereafes after the firfli obfervation, and the hygro- 
meter defcends, three cafes may have happened, i°. There may 
have been no variation of vapour j or,, ado* There may have been 
an increafe of vapour but difproportiomate to the heat ; or, 3tio. 
There may have been alfo a ikereafe of vapour as well as an in- 
creafe of heat. — We may alfo imagine a fourth cafe, in which there 
may be an- increafe of vapour proportionate to the increafe of heat, 
but in that cafe the hygrometer would not defcend. 

The firft ftep to be taken in this inveftigation is to obferve what 
effeQ the increafed degrees of heat fhould have on the hygrometer, 

abftracling 
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abftra&ing from the influence of vapour. If the defcent of the 
hygrometer be fuch as the table fhews to refult from the mere in- 
creafe of beat, then there was no increafe or decreafe of vapour ; 
but if the defcent be fmatkr than mere heat would occasion, then 
there muft have been an increafe of vapour - y and if the defcent be 
greater, then there muft have been alfo a decreafe of vapour as well 
as an increafe of heat. 

Thus, i°. Suppofe an hygrometer to ftand at XCVIII, at any 
given degree of heat, and that the heat afterwards incrcafes 5 of 
Reaumur, and then that the hygrometer ftands at LXXXIV and 
four-tenths, and it is required to know to what caufc this afcent is 
to be attributed. 

Remark, in the firft obfervation, at what thermometrical dis- 
tance XCVIII ftands from C, that is, what degree of cold or de- 
creafe of heat it wants to bring it to C. Now in the fecond 
column of this table you will find i 9 »399 oppofite to, and corref-< 
ponding with XCVIII, therefore it wants 1^,399 degrees of Reau- 
mur to bring it to C. But if the heat be increafed five degrees 
more, then it is plain it will want 6,399 degrees of cold to bring 
it to C. Look then in the fecond column of the table for this 
number ; you will not find it exa&ly, but you will find it is inter- 
mediate between the tabular numbers 6,182 and 6,561, but nearer 

3 R 2 to 
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to this laft, confequently nearly correfponding with the hygrome- 
trical degree LXXX1V, the degree found in the fecond obferva- 
tion ; therefore you may conclude, that this degree of apparent 
drynefs did not proceed from any decreafe of vapours in the air, but 
folely from the increafe of heat. 

But, 2do. If in the fecond obfervation the hygrometer had been 
at LXXXVI, then it is plain that it ftands about two hygrome- 
trical degrees higher than five degrees of heat would have brought 
it to, and confequently that there was an increafe of as much va- 
pour as would raife the hygrometer about two degrees. 

3tio. If, in the fecond obfervation, the hygrometer had been 
found at LXXX, it is plain that this is four hygrometrical degrees 
lower than the acceffion of five degrees of heat would have funk 
it to j therefore there was a decreafe of as much vapour as would 
lower the hygrometer four degrees if the firfi temperature had re- 
mained. 

Again, to difcover the efFeds of cold and diftinguifh them from 
the effe&s of a real acceffion of vapour the fame cafe will fei ve, 
only inferting the obfervations, (for i*,39.q degrees of cold would 
bring XCVIII to C.) Suppofe then the firfl obfervation to be 
LXXXIV nearly, and that the air being cooled five degrees of Reau- 
mur, 
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jnvir, the hygrometer at the fecond obfervation {lands nearly at 
XCVIII. Oppofite LXXXIV, I find 6 ,$6i in the fecond column, 
whirl) denotes that 6,561 degrees of cold are required to produce C, 
but of thefe 6, &c. 5 have actually accrued'; therefore only 
6,561 — 5 = 1,561 remain; and in the fecond column I find this 
number intermediate between 1,961 and 1,399, ^ ut ne arer to this 
lafl ; therefore the effecTt produced is folely attributable to cold and 
not to any new increafc of vapour. — If after the acceffion of five 
degrees of cold the hygrometer flood at XCIX, then it would foU 
low that as much vapour had been produced as raifed the hygro- 
meter one degree. — If, on the conttary, on the fecond obfervation 
it were found, that, after the acceffion of five degrees of cold, the 
hygrometer flood at only XC degrees, it would prove that there 
had been fuch a diminution of vapour as counteracted the in- 
fluence of cold, and would, at the temperature of the firfl ob*- 
fervation, make it {land eight hygrometrical degrees lower than at 
firfl. 

The ufe of this table with refpedl to obfervations made at dif- 
ferent places, in different temperatures, and prefenting different 
hygrometrical degrees, is ,to find by it in which of thofe places the 
real quantity of moifture is greateft. This is found by reducing 
the temperature at one of thofe places to that of the other, fb. 
that theeffed of mere temperature may be excluded, that thus we 

may 
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may -fee what hygrometucal ^egre? & e qbfervation fo reduced 
would exhibit, whether higher, lov^er, or equal to the other. 

Thus, iuppofing an hygrometer on a mountain, at the tempera- 
ture of 7 Reaumur, to fiand at XCVl, an<J an hygrometer 
on a plain, at the temperature of 15** Reaumur, to ft and at LXXX, 
and it is required to know at which place moft va P our e? ^ s * n 
the air, let us then reduce the hygrometer on the plain to the tem- 
perature of that on the mountain, and fee at what hygrometrical 
degree, being fo lowered, it would ftand by finding its diflance 
from C, and to reduce it to 7 P , the temperature of the mountain, 
I muft take away 8? of heat, for 15° . — .8° =5? 7?, and confequent- 
ly fupcrinduce 8 P of cold. Now I fwid by this third table, that 
an hygrometer at LXXX, let^ its temperature be what it may, 
wants but 8°, 1 5 1 degrees of cold to bring it to G, therefore, by 
thus fubftrading eight degrees of cold, I find it will arrive very 
nearly at C, for it wants only 0,1 51 of it ; therefore more vapour 
exifts on the plain than on the mountain, fince the hygrometer on 
the mountain at the fame temperature marks only XCVI. 

This problem may be refolved more readily by infpe&ing the 
firft table ; for there we find that XCVI, at tfce temperature of 7 
of Reaumur, indicate about 7,6 grains of moifture in the cubic 
foot, and that LXXX, at 15* Reaumur, indicate 8,044 grains — 



or 
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or ftill more exactly thus: the hygrometer on the mountain being 
heated eight degrees more (that is to 15**) will ftand at nearly 
LXXV, for it is already heated to 7 , and by the third table 
wants 2°. 373 degrees of cold to bring it to C; but when heated 
8® more, it will require 10,373 degrees of cold to bring it to C, 
and, confequently, will mark nearly LXXV. Now, by the firft 
table, LXXV at 15 9 Reaumur denote 7,205 of moifture, and 
LXXX at 15 denote 8,045. 

Note — I regret much the want of Mr. Lcfley's hygrometer (an 
inftrument as fimplc as it is ingenious) to compare its indications* 
with thofe of Sauffure's. See 3d vol. Nicholfon's Jour. 46 1 . 



